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Keeping things shipshape 


is an unending job in the 
navy ... for dust settles 
on horizontal surfaces 
everywhere whether 
these surfaces are parts 
of a boat far at sea or 
parts inside motor con- 
trol in any factory. 
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@ Designers of machines for America’s armament can speed up produc- 
tion by specifying bearings of established American standard dimensions 
and tolerances. Because standard bearings can be produced much faster 
than “specials” requiring extra tooling and different machine set-ups. 

One “special” may well delay delivery of many standard bearings 
and the machines awaiting them, in addition to complicating the 
servicing of machines in the field or in the plant. New Departure, 


Division of General Motors. Bristol, Conn. Detroit and San Francisco. 


Designers: Consult a New Departure En- 
gineer as to availability of types and sizes. 


Managers and Foremen: The proper mount- 
ing of ball bearings so that machines will 
give tip-top performance is vital to our war 
production effort. All men in charge of 
assembly should have New Departure’s new 
“Shon Manual.” 
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Design Calculations: 

Centrifugal pumps, specifying for special applica- 
tions, Edit. 55, 56, 57, 214 

Helical springs, avoiding surge in, Edit. 47, 48, 49, 
50, 51, 216, 218 

Rubber mountings, how to design, Edit. 173, 174, 
175, 176 

Special gears, how to obtain advantages of, Edit. 
106, 107, 108, 109, 142, 144, 146, 148, 150 

Stress determination in pressure vessels and pip- 
ing, Edit. 59, 60, 61, 62, 63, 64 


Design Problems: 

Built-in electric controls provide economy, Edit. 
103, 104, 105 

Coal crusher protected by automatic controls, Edit. 
116, 154, 156 

Converting design to wartime needs, Edit. 43, 44 

Conveyor drives influenced by war, Edit. 158, 160 

Diecasting machine, drives and controls simplified 
in, Edit. 110, 111, 112 

Hydraulic servo control applied to steering gear, 
Edit. 122, 123, 124, 126, 128, 130, 132 

Miniature motors, considerations in specifying, 
Edit. 117, 118, 119, 150, 152 

Mower drive designed for minimum maintenance, 
Edit. 115, 116 

Pneumatic drive applied to typewriter, Edit. 99, 
100, 101, 102, 134, 140 

Silent gear reduces vibration, increases life, Edit. 
156, 158 

Solenoids, how to select for use in machines, Edit. 
113, 114 


Standard drives combined in electro plater, Edit. 


116 
—" speed A-C drive in band saw, Edit. 162, 
V-belt drive controls strip tension, Edit. 160, 162 


Finishes: 
Baked, Adv. 231. 
Oxide, Adv. 212 
Paint, Edit. 192 


Materials: 
Alloys (magnesium) Adv. 29 
Alloys (nickel) Adv. 36, 183 
Alloys (steel), Adv. 14, 15, 31, 195, 205 
Bimetal, Adv. 156 
Bronze, Adv. 190, 230 
Felt, Adv. 188 
Glass, Adv. 239 
Indium, Adv. 216 
Molybdenum, Adv. 189 
Plastics, Adv. 6, 7, 2%, 223 
Porcelain, Adv. 8 
Rubber, Edit. 173, 174, 175, 176; Adv. 209 
Steel, Adv. 200 


Mechanisms: 
Braking, Edit. 206 
Cam, Edit. 46 


Hydraulic, Edit. 122, 123, 124, 126, 128, 130, 132, 206 


Linkages, Edit. 110, 111, 112 
Pneumatic, Edit, 99, 100, 101, 102, 134 
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; : Classified for Convenience when Studying Specific Design Problems 


MACHINE DESIGN is indexed in Industrial Arts Index and Engineering Index Service, both availeble in libraries generaliy. 


re 


Organization and Equipment: 


Engineering department, Edit. 52, 53, 54, 192, 194; 
Adv. 9, 11, 28, 30, 35, 191, 192, 196, 208, 228, 236 


Parts: 


Bearings, Adv. 4, 10, 13, 26, 37, 133, 177, 185, 186, 
193, 202, 203, 204, 217, 230, 232, BC 

Bellows, Adv. 38, 229 

Belts, Edit. 158, 160; Adv. 79, 83, 149 

Brakes, Edit. 206 

Brushes, Adv. 231 

Cables, Adv. 152 

Carbon parts, Adv. 214, 238 

Cast parts, Edit. 116, 154 Adv. 179, 181, 215 

Chains, Edit. 115, 116; Adv. 68, 74, 75, 76, 91, 139 

Cloth (wire) Adv. 233 

Clutches, Edit. 115, 116, 210, 212; Adv. 94, 166, 167 

Controls (electrical), Edit. 103, 104, 105, 154, 160, 
178, 180, 182, 190; Adv. IFC, 72, 77, 82, 92, 93, 95, 
97, i231, 11, 134, 136, 161 

Counters, Edit. 190 

Couplings, Adv. 144, 153, 164, 165 

Engines, Adv. 166 

Fastenings, Edit. 180; Adv. 1, 21, 33, 197, 201, 207, 
235, 240 

Filters, Adv. 24, 25 

Fittings, Adv. 146, 182 

Forgings, Adv. 214, 229, 233 

Gears, Edit. 106, 107, 108, 109, 142, 144, 146, 148, 
150, 156; Adv. 66, 96, 127, 154, 160, 162, 163, 168 

Heating units, Edit. 184 

Hose (flexible), Adv. 180, 187 

Hydraulic equipment, Edit. 122, 123, 124, 126, 128, 
130, 132, 208, 210; Adv. 41, 69, 73, 88, 130, 134, 
135, 142, 159 

Joints, Adv. 210 

Lights, Adv. 216 

Lubrication and lubricating equipment, Adv. 17, 
220 

Motors, Edit. 116, 117, 118, 119, 150, 152, 158, 160, 
178, 186; Adv. 70, 71, 78, 80, 81, 84, 86, 87, 89, 
90, 98, 141, 143, 147, 148, 158, 165, 167, 170, IBC 

Oil seals, packings, Adv. 2, 16, 39, 199, 218, 219, 222 

Pans, Adv. 234 

Plastic moldings, Adv. 18, 220 

Pneumatic equipment, Edit. 99, 100, 101, 102, 116, 
134, 140; Adv. 42, 145, 227 

Pumps, Edit. 55, 56, 57, 182, 214; Adv. 67, 194, 208, 
210, 212, 218, 234, 235 

Shafts (flexible), Adv. 158 

Solenoids, Edit. 113, 114 

Speed reducers, Adv. 85, 129, 136, 156, 165 

Springs, Edit. 47, 48, 49, 50, 51, 216, 218; Adv. 12, 
22, 34, 206, 222, 231 

Stampings, Adv. 32 

Transmissions, Edit. 162; Adv. 150, 169 

Tubing, Edit. 59, 60, 61, 62, 63, 64, 186, 188; Adv. 213 

Valves, Edit, 110, 111, 112, 188 

Welded parts and equipment, Adv. 20, 23, 198, 211, 
221, 224, 237, 242 

Wire parts, Adv. 206 


Production: ' 


Hardening (induction), Adv. 19 
Sandblasting, Adv. 233 
Tools, Adv. 228 
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iseleil it: 


CIRCUIT BREAKER HOUSING ‘40 


molded from a general-purpose BAKELITE Phenolic 
Plastic, represented sound designing and engineering 
For ordinary industrial service, it fully met the need for 
high dielectric strength, moldability, and resistance i 
moisture, corrosion, and wear. Bur— 
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1940 Required: A plastic that coul 
be easily preformed; one high in diele 
tric strength; one that could be en 
ployed in intricate molds, and providing 
a highly lustrous and attractive finish 


ce 4 For help in determining the —-— : 1942 Required: A plastic howin 
ie : that, under test, would withstand * 

° , LB shock from the blow of a one-ton weigi 

RIGHT Plastic Material Te Fe crashing into the wall behind it! Pre 
be AR 4 formability, surface finish, and othe 


RIGHT Mold Design ut | 4 properties subordinated to maximua 


toughness and shock resistance. 








a RIGHT Fabricating Technique 
= == el < ti enlist the aid of 
icomeesgeeee| Bakelite Plastics Headquarters 
uw wernt 
BAKELITE PLASTICS HEADQUART ‘ 
can help you fo . 
speed up production while conser’ 
valuable, strategic materials 
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The equipment manufacturer, describing his 
troubles, complained that the packing made it 
hard for air pressure and gravity to do their work 
—air pressure to push up the plunger, gravity to 
pull it down. The plunger should respond to 80 
Ibs. air; the weight of the mechanism operated 
plus plunger should be enough to return the 
plunger to starting position. 


























Graton & Knight packings engineers recom- 
mended three important changes. 1, Bevelling the 


stic that could 














high in dicks packing at(A)permits air pressure to act against 
could be en the inside of the lip for initial seal. 2, Easing up 
and providin the fit of the follower plate (B) reduces friction. 
ractive ini 3, Less thickness of the packing and less heel 
contact (C) reduce friction without sacrificing 

the seal. 
These changes plus the adoption of flexible, 
low-friction Spartan Packings Leather resulted 
in easier action in the cylinder, ready response to 


the air pressure impulse, and prompt return to 


astic housint Starting position. 

vithstand the 

— 

hind it! Pre 7 , ’ 

a At the Packing Point ... Get Together with G & K 
1o maximull 





tance. 





If some one gives you a packing failure to analyze — 
or you have reached the stage in your design where the 
proper packing is the next step — call on G & K pack- 
ings engineers. 

They have an extremely wide knowledge of packings 
applications and can save you much time in arriving at 
the ideal design, type of leather and treatment. 

Also, they have Spartan Packings Leather to work 
with—extremely resistant to abrasion and heat, 
unaffected by common pressure mediums, and certain 
not to dry out hard and brittle. 


GRATON & KNIGHT CO. 


WORCESTER (G/\DR— MASSACHUSETTS 
KNIGHT 
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NDUSTRY must find a way to do the job of 
conversion to war production; it must not make 
the mistake of relying on government, ac- 

cording to Donald Nelson. ‘Industry’s responsibili- 
ty is great. The job will take brains and initiative 

. but we can do it if we stop thinking about 

what we’re going to do to the enemy in 1943 and 
start thinking about what we are going to do to 
him now.” 


¢ 


OR every 700 automobiles not made, enough 
rubber and steel are saved to produce 30 twen- 

ty-seven ton medi- 

um-size _ tanks; 

enough tin to coat 

700,000 cans _ in 

which to put food 

for soldiers and sail- 

ors; enough alumi- 

num to make one 

fighter plane; 

enough nickel to 

produce 70,000 

pounds of nickel 

steel for armor plate 

and armor-piercing 

bullets; enough zinc 

and copper to make 

1,680,000 brass car- 

tridge cases for .30 

caliber ammunition. 

These materials are necessary to make the weapons 

we must have before we can have victory. 


¢ 


ONSERVATION of welding electrodes through 
joint design, close fitting, and maximum util- 
ization of welding rods is recommended by the Lin- 
coln Electric Co. to aid in the war effort. Elec- 
trodes best suited for each job should be selected. 
They should be fast flowing, have proper physical 
characteristics, produce a flat bead, be of sufficient- 
ly large diameter, and give a minimum of spatter. 


* 


OME small parts which have been cast of gray 

iron involving melting, casting and machining 
are now made from scrap steel chips that are 
crushed in a ball mill, cold formed, sintered, and 
hot pressed to shape. Virgin material and skilled 
labor are thus released for war effort. 


¢ 


CCORDING to Charles F. Kettering, ‘Research 

has come to be surrounded by a good deal of 

meaningless mystery. Research, after all, is noth- 

ing but prospecting for knowledge. The world 

isn’t finished. The day of discovery has not passed. 
There will always be new frontiers.” 


— of half an airplane at the push 
of a button is envisioned by Paul H. Merriman 
chief engineer of Glenn L. Martin Co., making 
possible the production of 1000 planes a day. He 
says, “Sixty spot welds could be made in the time 
it now takes to install one rivet. With the per. 
fection of aluminum spot welding, this will] soon 
be possible.” 


o 


HERE special parts are indicated in a ma- 
chine it is well to consider redesign to utilize 
standard commercial parts, especially during these 
times. Such a pro- 

gram, according to 

New Departure Di- 

vision, may have 

far-reaching results, 

“One special may 

well delay the deliv- 

ery of many stand- 

ard bearings, as well 

as the machines 

awaiting these bear- 

ings. Designers 

should select and 

specify standard 

bearings while the 

job is on the board. 

Result: More bear- 

ings. More machines. 

More _ armament. 

More hell for the Japs and their partners in crime.” 


¢ 


OOD criterion of the ability of parts manufac- 
turers to meet the emergency is the pro- 
duction index of the American Gear Manufacturers 
association. Industrial gear sales for February 
were 34.7 per cent above a year ago and 22.5 per 
cent above the preceding month. 


¢ 


N TEST, big Buick bomber engines produce 

noise levels of 135 decibels, a volume beyond 

the capacity of human endurance. By locating the 

engines behind thick concrete and insulated walls, 

test men have only 57 decibels hurled against their 

ears which is neither a harmful nor uncomfortable 
volume. 


¢ 


 pinge S of Willys-Overland Motors disclose 
that a large percentage of America’s 40,000 
automobile dealers can share in war production by 
taking subcontracts for their trained mechanics 
and machine equipment. Suitable for light manu 
facturing operations, lathes, shapers, grinders, 
drills, milling machines, air compressors and other 
equipment are available in repair shops in large 
numbers. 
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Conversion for War- 


Design’s Great Opportunity! 


By Kenneth D. Moslander 


RIME requisite of the success- 
P ful prosecution of the war is 

conversion. This refers to 
the changeover of all our resources, 
the exertion of all our efforts in 
the common cause. It not only 
means changing over plants to 
production for war, but far more 
than that. To the engineer it 
means a refocussing of his talents 
on problems arising out of the 
emergency. It means constructive 
thinking along the lines of new 
and more deadly war machines; it 
means the application of technical knowledge and 
ability directed toward making our present equip- 
ment outstandingly superior; it means hard work 
and lots of it! 

On the shoulders of engineering management 
rests the job of facilitating, to the greatest possible 
extent, the execution of this work. Is all possible 
equipment available for the most efficient utiliza- 
tion of designers’ time? Drafting machines, print- 
ing machines, copying machines, etc., are to the 
designer what the Garand is to the soldier. Pro- 
duction problems exist even in the design depart- 
ment; the more and better the machines available, 
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Engineering department designed for maximum efficiency is devoted 
exclusively to war work on airplane engines 


the faster the work will be done. 

Many designers possess demonstrated inventive 
ability, but this is not limited to the design of 
complete machines, civil or military. Shown in 
Fig. 2 is a boring machine that, in the days of 
automobiles, had four spindles for boring Ford V-8 
engine blocks. Intensive engineering effort fol- 
lowed by three weeks in a tool and die shop re- 
sulted in its conversion to a three-spindle machine 
for boring holes in a 75-millimeter tank gun cradle. 
Parallel instances are innumerable in which exist- 
ing machine tools, long used in peacetime industry 
and superficially considered to have no utility in 








the war program, have been redesigned and rebuilt 
into versatile, precision, armament - producing 
equipment. Every chip cut by every machine 
which can be commandeered by the war effort is 
a chip from the hide of the axis. No one knows 
better the potentialities of the machine tool equip- 
ment in a given plant than the engineer who has 
been, for years, designing work to be done on those 
machines. Can these machines, by redesign, be 
mobilized 100 per cent for war? 

Important as is the redesign of existing pro- 
duction equipment, development and redesign of 
military materiel is by far the primary need. 
Most fruitful of the opportunities are for different, 
faster or more efficient methods of manufacture 


Fig. 2—Four-spindle boring machine has been re- 
designed to a three-spindle machine for boring holes 
in tank gun cradles 


as well as the development of designs which 
make more sparing use of critical materials. Field 
gun and tank parts, formerly forged or cast have 
been replaced successfully with stamped parts, 
interchangeable with the original. Centrifugal 
casting is finding broad application in war equip- 
ment; rifling grooves in gun barrels are now being 
broached. New low-alloy steels combined with 
newly developed heat treating procedures are ef- 
fecting important economies of alloying elements. 
The engineer knows these things. Is the utmost 
being done to utilize this knowledge to the maxi- 
mum of effectiveness? 

First major industry in this.country to be con- 


verted exclusively to war work, and one in which 
engineering knowledge is being used to the Maxi- 
mum extent, is the automotive. The tremendous 
job which the former automobile plants are doing 
stands as a monument to engineering skij] and 
should serve as a challenge to designers and tech. 
nical men throughout the country. 


In this industry, selfish barriers are down; the 
present engineering personnel exceeds in number 
the normal peacetime staff. Interchange of not 
only ideas but also of specialized engineers is 
encouraged both among different divisions of the 
same company and among the several companies 
in the industry. 

These technical men do not rest at translating 
military designs to the production line. They 
are constantly seeking improvements which are 
submitted to military officials for approval as fast 
as they are developed. They are applying the 
“automotive know how” to war equipment, passing 
along accepted and proved fabricating techniques 
so that time can be saved and production expedited. 

Other engineering groups from the motor com- 
panies are out in the field with the armed forces, 
studying their present equipment and analyzing 
their needs for new types. Data so obtained are 
taken back to the engineering department and 
new designs developed for submission to the armed 
forces. They are then put to the test and finally 
approved for production. 


Method Illustrated by Example 


Take hypothetical case and see how it works. 
Automotive engineers watch military maneuvers 
and consult with the generals directing them. 
Someone offers a suggestion that an armed combat 
car, mounting an antitank gun, several machine 
guns and antiaircraft guns, would be able to 
supplement the work of a tank. Being a wheeled 
vehicle, it would have greater mobility, speed and 
perhaps even greater fire power. So engineers 
take this idea back to their drafting boards and, 
starting with the basic element of a motor truck, 
proceed to evolve a brand new type of combat 
car, even going so far as to draw up a dozen dif- 
ferent ideas in such vehicles of which, after careful 
consideration, the best is selected. 

These are some of the methods—there are others. 
Our engineers have the will and ability. As 4 
nation we are faced with the absolute necessity 
to do this job of work as we have done others 
under far less stimulus, We can be confident that 
our engineers will “deliver the goods”. In the 
words of Donald Nelson, “If we are to achieve 
victory .... then we on the production lines must 
abandon every other consideration except increas- 
ing production and increasing it every day. If 
we fail in that, we shall burn in the flames of a 
public wrath so intense that in its heat it might 
consume the very standards we have set for freé 
men to live by”. 
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rass blitzer developed by 

Worthington Mower Co., 

right, does its part in keep- 
ing turf on airfields in good condi- 
tion, yet is economical in operation 
and reguires no additional facilities 
for travelling from one field to an- 
other. Consisting of a gang of nine: 
mowers pulled by a tractor, each 
mower unit is hinged transversely rs. ieee 
to follow irregularities in the ter- : ee SH! * Mie. 58 


rain. Hinges do not act longitudi- ff’, ty A Tr p }. 

nally because wheels of the front yA 

and reor rows automatically set the ! 

mower height between short dis- x . 
tances. Gang is easily dismantled S y. é ~¥ yi oe yf yt = 
by one man by uncoupling the —_ 

hinges, and may be loaded into 

the trailer unit shown in the background. In this way the mower fur- 


nishes its own transportation over highways at thirty miles an hour 
and relieves men and trucks for more pressing tasks. 











utting pipe to 

length, left, in a 
continuous tube mill re- 
quires accurate control 
of saw carriage travel 
and cutoff. Resembling 
cutter action in a cigar- 
ette machine, the saw os- 
cillates back and forth 
along the pipe and at the 
instant of cutting is trav- 
elling at the speed of the 
pipe which is 400 feet a 
minute. Electrically syn- 
chronized control auto- 
matically operates the 
cutoff so that the cut is 
made with the required 
two inches of exact 
length. 








happen varying temperature control, in ac- 
cordance with a desired program, is simply ef- 
fected by the Cenco thermostat at right through re- 
placement of the manual control knob by a cam and 
lever arrangement. One revolution of the cam—hourly, 
daily or weekly—is a complete temperature cycle, the 
length of which is governed by the gearing system on 
the timer. Cams, cut to the shape of polar-type tem- 
perature charts, are easily made and readily changed 
for any desired program within the range of the ther- 
mostat. Possible applications include industrial ovens, 
certain researches and tests, incubators, etc. 


otating cams interspaced between longitudinal 

bars, below, effect a gentle screening or sizing op- 
eration similar to that performed by inclined vibrating 
screens. Developed by the Roto-Flow Screen Co., ac- 
tion of the cams is sufficient to roll the material being 
screened from delivery end to discharge end. Cams 
are mounted on square shafts and may be reassem- 
bled for wider spacing if desired. Double chain and 
sprocket drive allows close center distances between 
camshafts. Action: of screen is self-cleaning. 


eee paint for aircrait 
dials, applied to the back oj 
transparent materials and protected 
by a sealing coat of paint, gives 
more satisfactory service than when 
painted on the front where wer 
from fingers and abrasive mate. 
rials cause deterioration. Dials 
shown at left are cellulose acetate 
butyrate and are made by the 
Erie Resistor Corp. Black paint 
backs the dials and is nonreflecting 
as is also the surface of the dials 
which is processed to obtain an 
etched face. An external source of 
ultraviolet radiations _ illuminates 
the symbols as shown 


TEMPERATURE CAM 


ADJUSTING 
SCREW 






































Eliminating 


Surging in Helical Springs 


By A. M. Wahl 


Westinghouse Research Laboratories 


HEN helical springs are subject to rapid 

reciprocating motion, additional stresses 

not present under static loading are in- 
volved. Under certain conditions this surging or 
vibration may be particularly severe and in ex- 
treme cases may lead to fracture or fatigue failure. 
The most important application where such vibra- 
tions must be provided for is the aircraft or auto- 
motive engine valve spring, Fig. 1. A sketch of a 
valve gear arrangement is illustrated in Fig. 2a, 
while a typical valve lift curve is shown in Fig. 2b. 
The latter represents the valve lift (or spring de- 
flection beyond the initial value) plotted against 
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= time. 
Ce eS Another type of application of dynamically load- 
— ed springs is exemplified by the crank-type fatigue 
(b) testing machine, Fig. 3, used for testing impulse 


turbine blades under alternating bending at ‘high 
temperature’. The purpose of the springs in: this 
case is to interpose flexibility between the crank 
and the test specimen so that an accurate alternat- 
ing load on the latter can be maintained. 





SPRINGS SUBJECT TO VIBRATORY LoaADs: In the 





Fig. 1—Top—Surge-free operation is required of valve design of springs subject to a rapid reciprocating 
3 springs throughout wide speed ranges in internal com- motion it is important to avoid, insofar as pos- 
bustion engines—Photo courtesy The White Motor Co. sible, a resonance between the frequency of the 


Fig, 2. 1R. P. Kroon—“Turbine Blade Fatigue Testing”, Mechan- 
9. 2—Above—Schematic of valve spring and gear ical Engineering, Vol. 62, Page 531 and Page 919. 
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alternating motion of the end of the spring and 
one of the natural frequencies of vibration of the 
spring. (Calculation of natural frequencies will be 
discussed later.) Therefore, if a spring is subject 
to reciprocating motion in a simple crank arrange- 
ment as indicated in Fig. 4 and provided the ratio 
r/l between crank radius r and connecting rod 
length 1 is not too large, the expression for the 
spring displacement from its position at top dead 
center is given with sufficient accuracy by the 
equation? 


=r+———r(cos ut +—— cos 2ut) 
y=r 4l r\cos w 4l COS £0) 
In this w is the speed of the crank in radians per 
second (w==2zN/30, where N is speed in revolutions 
per minute). 


Two Frequencies Are Considered 


This equation shows that for springs subject to 
this type of vibration there are two principal fre- 
quencies with which to be concerned: (1) The 
fundamental frequency of rotation represented by 
cos wt in Equation 1, and (2) a frequency twice 
this value represented by the last term in the 
equation. Thus, to avoid trouble from resonance, 
the spring should be sufficiently stiff that its low- 
est natural frequency, calculated from Equation 
24, is considerably higher than twice the frequency 
of rotation of the crankshaft. 

Where the spring is deflected by a cam as in 
valve springs, the valve lift curve y=f(t) in Fig. 
2b is not a simple sine function consisting primar- 
ily of one or two terms, but instead is a rather 
complicated function which may be assumed to 
consist of a large number of sinusoidal terms (a 
Fourier’s series). Each of these terms may be 
thought of as acting separately. Thus the expres- 


2See DenHartog—Mechanical Vibrations, Second Edition, 
Page 209, for derivation of this equation. 


3The numerical values of the amplitudes of the various 
harmonics may be determined by harmonic analysis for any 
given valve lift curve. 


This is further discussed in Schwingungen in Schrauben- 
foermigen  Ventilfedern—A. Hussmann, Dissertation, T. H. 
Berlin pub. by D. V. L., E. V. Berlin, 1938. , 


5 Die Federn—Gross and Lehr, Page 115. 
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Fig. 3—Helical springs apply accurate loading on 
alternating bending machine 


sion for valve lift (or spring deflection) becomes 


Ks 


Y=f(t)=cote, sin(wt+¢gi)+c. sin(2wott+g.)+. 
eri 


Cy Sin (uwt+,)+ 


In this the fundamental frequency « is equal to 
the camshaft speed in radians per second while the 
¢’s represent the phase angles of the various har- 
monics. For practical purposes, the valve lift may 
thus be considered as a fundamental wave on which 
are superimposed various harmonics of higher fre- 
quency. In practice, harmonics as high as the 
twentieth may need consideration. In gen- 
eral, it should be noted that the amplitudes 
of these higher harmonics, represented by the 
terms C,, C,, etc., decrease as the order of the 
harmonic increases*. Usually it will be found 
difficult to avoid resonance within certain 
camshaft speed ranges between one of the 
higher harmonics and a natural frequency 
(usually the lowest) of the spring. When this 
takes place, vibration or surging of the spring 
cccurs and this may increase the stress range 
by 50 per cent or more. 

To reduce stresses resulting from such res- 
onant vibrations in valve springs several 
methods are open. In the first place, the 


Fig. 4—Right—Diagram of spring subject to 
reciprocating action 


natural frequency of the spring may be made 

as high as possible so that resonance will oc- 

cur only for the higher order harmonics of 
the valve lift curve, which are usually of low- 

er amplitude. Hence, an improvement is ob- 
tained because the stresses set up by resonance 
with these higher harmonics are not as great as 
those set up by resonance with lower harmonics 
of greater amplitude. 

Another method of reducing surge stresses in 
valve springs is to shape the cam contour so as to 
reduce the amplitudes of the harmonics which are 
of importance in the speed range within which the 
engine is to be used. For example, it might be 
found that for an engine with an operating range 
from 2000 to 3000 revolutions per minute, the 10th, 
11th, and 12th harmonics are in resonance with 
the lowest natural frequency of the valve springs 
in this speed range. Hence a cam contour such as 
to give a low value for these harmonics would be 
of advantage. In many cases it is possible by 4 
change in the cam contour to reduce the magni- 
tudes of the harmonics to low values within cer- 
tain speed ranges‘. 

By reducing or varying the pitch of the coils 
near the ends of the spring, an improvement often 
may be obtained. The reason for this is that if 
resonance occurs with one harmonic these coils 
will close up, thus changing the natural frequency 
of the spring. This tends to throw it out of reson- 
ance®. Friction dampers, consisting of a three- 
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‘comes pronged device with the prongs pressing against 
the center coils of the spring, have also been used 
7 } to damp out resonant oscillations*. 
. (2) 
DERIVATION OF EQUATION FOR VIBRATING SPRING: 

To calculate the natural frequency and vibration Fig. 5— Helical 
ual to characteristics, it is first necessary to derive the spring com- 
le the differential equation of motion. Considering an pressed between 
+ har- element A of the helical spring in Fig. 5 which is parallel plates 
May compressed between the flat plates B and C, it is 





assumed that, when the spring is not vibrating, the 
element A, length of ds, is at a distance x from the 
left end of the spring. The active length of the 
compressed portion of the spring is taken as 1 
while the effect of pitch angle will be neglected. 
If y is the deflection of the element from its mean 
position (or position when the spring is at rest) 
at any time t; if rd*/4 is the cross-sectional area of 
the spring wire; if y is the weight of the spring 
material per unit of volume and g the acceleration 
of gravity, then the mass of the element A is 
i?vds/4g. The force required to accelerate the 
element will be 








Se sales anion scraiatve p ac-m'd no. he — 


This follows from the fundamental equation that 
force equals mass times acceleration since the ac- 
celeration of this element is 0*y/dt?. The partial 
derivative is used because y is a function of both s 
and t. 


The change in y in a distance ds is (dy/ds)ds. 
For a complete turn this change becomes Ay= 
2nrdy/ds where r is the mean coil radius, and the 
total force P acting at a distance x will be, from 
the ordinary spring deflection equation 





Gd‘ay Gd‘ oy 
P=—__—_ = r—- 
64r? 64r° 0s 











per unit of velocity, the damping force F’, is 


oy 
a ~~ 6) 


This force opposes the elastic force F,. Hence from 
equilibrium 


or substituting Equations 3, 5 and 6 in Equation 7 
and dividing by ds 


4g at? 32 r? as? i? ~ (ahaedabaha ni dora 





Since s=2zrnxz/l where I is the active length of 
spring and n the number of active turns, 


ay l oy 
0s 2nxrn Ox 





and 


oy 2 ay 
0s? 4n’r*n Ox? 








by substitution of these values in Equation 8 and 
rearranging terms the following is derived: 








in In this G is the modulus of rigidity. 
| to 
es Change in P in length ds is (dP/ds)ds and is the a ee (9) 
the net force F, acting to accelerate the element A. oe Ot Ox? | 
ue Thus by differentiation of Equation 4, this force 
ge becomes where 
th, 
ith i (5) W=—d'nry 
gs 32 r? ds? 2 ; ? ’ 
- =weight of active part of the spring .. (10) 
ue In addition there are damping forces from vari- , 
a = Causes including: (1) Internal hysteresis in a... =spring constant................ (11) 
ii the spring material, (2) air damping, (3) damp- 64r'n 
~ ing due to friction in the end turns and (4) damp- 

ing from loss of energy in the supports. An exact a=ly Sa eee eee (12) 
1s method of taking all these into account would be 
we hopelessly complicated. For mathematical con- , 
if venience the damping force is assumed proportion- i SERS TAOS OER, ee eT TAN (13) 
1s al to the velocity of motion. This means that if c 2Ww 
m is the damping force per unit length of the wire 
‘ —. In this the term b is a measure of the equivalent 
n- Savarte Surging of Engine Valve Springs’—Swan and damping in the spring. In general b will vary with 
“ Mal Reseana?’ veinn’, 1% Department of Scientine & such factors as kind of material, amplitude of mo- 


Industria] Research, London. 
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Fig. 6—Weight supported by helical spring 


tion, design of end turns, rigidity of sup- 
port, and can only be determined by actual 
tests on vibrating springs’. If the damping 
is zero, b=0O and Equation 9 reduces 
simply to 


ay py 
—_— = a —— 


ot? ax? tals 


This is the same form as the known equation for 
longitudinal wave transmission in _prismatical 
bars’®. 

NATURAL FREQUENCY OF SPRING: To calculate 
the natural frequency of the spring it is permis- 
sible to neglect damping since the small amount of 
damping present in actual springs does not affect 
the natural frequency appreciably. Hence the 
simpler differential expression in Equation 14 may 
be used. To solve this equation, it is assumed that 


y=o(x) X(t) .... iy (15) 


where ¢(x) and y(t) are functions of x and ft, re- 
spectively. . Then 


ey dy ey do 
ae” de a 


Ox? dx* 
Substituting these in Equation 14 


dy , do 
Cae ax 


This equation can only be satisfied if both mem- 
bers of the equation are equal to a constant, say 
—w*. Then 


d’y 
dt? +wy=0... 


w* 
—-+—g=0.... 
dx a® 


Solutions of these equations are 


¥(t)=A, sin wt+B, cos wt..... ..¢ (R9) 


‘ Wx wx 
¢(x)= A, sin ——+B, cos ——... ene (20) 
a a 


*See for example article by C. H. Kent, MACHINE DESIGN, 
October, 1935, for a report of such tests. See also references 
of footnotes 4 and 6. 

® Timoshenko—Vibration Problems in Engineering, Sec- 
ond Edition, Page 309 


By substituting Equations 19 and 20 in Equa- 
tion 15 a solution is obtained which satisfies Equa- 
tion 14. The solution is 


z P ‘ x 
y= (A, sin wt+B, cos wt) (Asin ee =...) (21) 
a a 


where A,, A,, B,, B, are arbitrary constants de. 
pending on the boundary conditions. 

Since both ends of the spring have been assumed 
as fixed or clamped, this means that regardless of 
the value of t 


y=0 forx=0 
y=0 forx=/1 


The first of these conditions requires that B,—0, 
while the second requires that 


wl 


sin —=0 
a 


To satisfy this equation requires that 


1 
ts nw, 2m, 3x, etc. 
a 


——, elc. 
l 


Since »—2zf where f is a natural frequency of 
the spring, the natural frequencies are in the ratios 
1:2:3, ete. 

Using the value of a given by Equation 12, the 
expression for the natural frequency of the spring 
(in cycles per second) becomes 


(22 


where m1, 2, 3,... . is the order of the vibra- 


tion. 
Using the expressions for the spring constant k 


AVERAGE STRESS 
TO VALVE LIFT 


bed | J is 
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ig. 7—Superposition of vibration stresses OP stres 
due to direct compression of valve spring 
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and spring weight W given by Equations 11 and 
10, the lowest natural frequency (m—1) becomes 


d Gg i 
h=s~47, 32, (23) 
The lowest frequency is usually of most importance 
in practice. 

This equation shows that, for a given material, 
the natural frequency of a helical spring is pro- 
portional to the wire diameter and inversely pro- 
portional to the product of the coil diameter and 
the number of active coils. For the usual steel 
springs where G=11.5 10° lb./in.? and y=.285 
lb./in.* the formula for lowest natural frequency 
reduces to 


510 d 
Pca (cycles per second) (24) 
r'n ° 


For a spring with one end free and the other 
clamped, the lowest natural frequency would be 
equal to that of a similar spring twice as long but 
with both ends clamped. For such a spring Equa- 
tion 24 may be used if the number of turns is 
taken as twice the actual number in the spring. 

As an example of the use of these equations in 
calculating natural frequency, assuming a steel 
spring with d=.3-inch, r—=1 inch, n=6, Equation 
24 becomes 


jas =175 cycles per second 
In the second mode of vibration the spring fre- 
quency will be double this, or 350 cycles per second. 
For a spring with a weight hanging on its end 
as shown in Fig. 6 the lowest natural frequency of 
the system may be calculated as follows: It is 
known that where a mass is deflected by a certain 
amount § under its own weight (the mass of the 
spring being small compared to that of the weight) 
the natural frequency (in cycles per second) may 
be taken as ° 


: 
f=3.14y— itiewdeden peaeeGisiies (25) 


In the case where the mass is supported by a 
helical spring of appreciable weight as indicated in 
Fig. 6, it has been found that if the weight of one- 
third of the spring is added to that of the mass W,,, 
the calculated deflection may be used for figuring 
the lowest natural frequency. If W is the spring 
Weight from Equation 10 and k the spring con- 
stant in pounds per inch deflection, the frequency 
In cycles per second becomes 


a oe (38) 
W,,+—W 
3 
* Mechanical Vibrations, Page 45. 
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SURGING OF ENGINE VALVE SPRINGS: Since most 
aircraft and automobile engines run at variable 
speeds as mentioned previously, it is practically 
impossible to avoid resonance between one of the 
higher harmonics of the valve lift curve and a 
natural frequency of the spring at some speed of 
operation. When this occurs, the amplitude of 
vibration and the resulting stress in the spring de- 
pend primarily on the amplitude of the harmonic 
which is in resonance and on the amount of damp- 
ing in the spring, represented by the damping term 
b in Equation 9. 

To obtain the additional stress in the spring due 
to this vibration, it is assumed that one end of the 


ee)|a 


AMPLITUDE OF OSCILLATION 
OF CENTER 


800 300 [eee 
CAMSHAFT SPEED, RPM 


Fig. 8—Typical shape of resonance curve of valve 
spring. Order of harmonic is noted at each resonance 
peak 


spring in Fig. 5, for instance end C, is oscillated 
through an amplitude represented by the function 


Vo=Cn SIN wyl 


In this c, represents the amplitude of the partic- 
ular harmonic of the valve lift curve which is in 
resonance with a natural frequency /,, of the spring, 
usually the lowest. The circular frequency of this | 
harmonic is taken as w,—2zf,. The amplitude of 
motion and stress due to this harmonic may be de- 
termined by solving Equation 9 in conjunction with 
the proper boundary conditions. This stress is 
then superimposed on the static stress due to the 
valve lift as indicated in Fig. 7. The dot-dash line 
represents the stress due to the valve lift, the 
maximum value being ;,. On this is superimposed 
a higher frequency vibration represented by the 
stress 7, which is due to resonance with a given 
harmonic of the valve lift curve. 

To solve Equation 9 for the steady state condi- 
tion, the deflection y at any point x from the end 
of the spring is assumed given by 


y=F(x) sin w,t.. (27) 


where F(x) is a function of x only. This, of course, 








(Continued on Page 216) 
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Mobilizing the Graduate 


into War Work 


By Colin Carmichael 


I N the present all-out war effort the transition from 


student 
precedentedly abrupt. 


engineer to practicing engineer is un- 
Analyzing the young engineer's 


background in relation to his start in industry, the author 

submits pertinent suggestions which should be invaluable 

in accelerating the effective utilization of the students’ 
potentialities and technical ability 


OLLEGE graduates are raw materials that 
must be processed to fit the specific needs 
of the jobs they are intended to fill. Train- 

ing programs, ranging in length from six months 
to three years, are sponsored by many concerns. 
Other companies admit, with some complacency, 
that college graduates do not begin to earn their 
pay for about two years after graduation. This 
time lag is a challenge to chief engineers and 
college graduates alike. Is it possible that failure 
of college men and professional engineers to under- 
stand each other is responsible? The views of 
both groups point to the fact that misunderstand- 
ings play a large part in slowness of adjustment. 


Initial dissatisfaction with the newly-employed 
graduate, according to a recent survey’, is often 
due to personal traits. Further, young engineers 
are found to be over-eager for advancement, un- 
willing to prepare for advancement over a long 
period of time, lacking in aptitude for enginee ing 
work, unable to do routine work and at the same 
time avoid getting into a rut, lacking in initiative 
and lacking in self-confidence. To this list other 
comments might be added. It is always easy to 
criticize, but not so easy to be constructive. Engi- 
neers need not, however, be content with talking 
about the slow adjustment of college graduates 
to their jobs, they can do something to help speed 
it up. To this end, the author has drawn upon 
the experience of eleven years on the assembly 
lines of college graduate production, to present a 
picture of the young engineer and his background 


—" Journal of Engineering Education, May, 1938, Page 


and to suggest means whereby his better qualities 
may be developed and his traits overcome. 

Many engineers find college graduates at first 
unable to get along with their associates. Elimina- 
tion of this difficulty would do more to speed up 
adjustment of the young engineer to his new 
environment than any other single factor. With 
few exceptions, college students are highly gregari- 
ous. They co-operate with each other in various 
enterprises, including study, and should be as 
fully capable of adapting themselves to the peculi- 
arities of others as any other group. Further- 
more, they understand the value of team spirit 
in working toward a common goal. 


Impeded by Personal Relations 


Can the acknowledged failure of this attitude 
when he enters industry be blamed entirely on 
the young graduate? It is an unfortunate con- 
sequence of human nature that a mutual attitude 
of distrust often exists between the graduate with 
formal education and the man with experience. 
In some cases the experienced man lacks a college 
education, and resents the advantage that the 
young man has gained. His resentment may show 
in a refusal to help the youngster to become 
conversant with his new job, or it may even 
develop into active hostility. 

A superior attitude on the part of the graduate 
is sometimes present, based perhaps on social 
background as well as on a feeling that his degree 
confers certain “rights and privileges” denied to 
others. Another factor that will influence this 
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year’s graduate, in particular, is the surprising 
number of offers of jobs that he will have re- 
ceived. It will be natural for him to feel that 
he is a person of considerable importance, sought 
after by the best engineering concerns in the 
country, and fully conscious of the favor he is 
conferring on the company of his choice. This 
attitude is not calculated to endear the young 
man to the more experienced men with whom 
he must work. Engineers may save considerable 
lost motion in their departments if they keep on 
the lookout for this attitude. A private talk, 
coming from someone in authority, will be heeded. 
The student has often listened to advice from 
deans, professors and faculty advisers, and has 
come to recognize when advice is being offered 
for his own good. 

The long hard road of adjustment may be better 
as a character molder, but time is short. The 
young graduate, being responsive to the team 
spirit, can be counted upon in the present war 
effort to forget personal problems. The engineer 
in charge, for his part, should assume some re- 
sponsibility as a morale builder. 


Background of Designer 


An important factor in the attitude of the stu- 
dent toward design work is to be found in the 






















































sequently, misconceptions arise regarding the 
nature of design work. To many students design 
consists of “pushing a pencil across a drawing 
board” or “sitting in an office working problems”. 

Origin of the widespread aversion to drafting 
board work is usually the freshman mechanical 
drawing course in college. The exercises the stu- 
dent worked out were often meaningless chores 
which he was unable to connect with reality. The 
class was usually a large one and the discipline 
strict. At the same time, the fact that his draft- 
ing experience occurred so early in his college 
career gives him the idea that it is something 
elementary, since most of his later engineering 
courses required no drafting. 

Ignorance of the true nature of design work is 
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ditions just outlined may be brought out if the 
engineer can get across to the boys some of his 
own enthusiasm for his job. 

It will astonish the boys to learn how little 
time the chief designer spends at his desk com- 
pared with that which he spends in conferences 
with production and sales engineers, in follow- 
ing up the manufacture and testing of his projects, 
and in other activities which are not in the least 
“confining.” The important difference between de- 
sign, which is creative, and drafting, which is 
interpretative, should be stressed. At the same 
time it might be pointed out that a start in the 
drafting room should be considered a privilege, 
because of the unique experience it affords the 
young engineer of seeing the ideas conceived in 
the minds of top-flight designers take practical 
shape on the drawing board. Finally, the engineer 
should try to give the prospective designer an 
insight into the peculiar joys and satisfactions of 
design work, of seeing one’s own ideas take shape. 


Engineers who come in contact with or super- 
vise the work of a young graduate can help him 
fill some of the gaps that necessarily occur in 
his earlier training by directing his attention to 
the books and periodical literature relating to his 
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Fig. 2—Broad general background of engineering train- 
ing leads directly to mechanical design 


own field. The habit of studying, acquired in 
college, is still natural but it can easily be lost. 
It is important to impress on the young man that 
his career depends on his continuing to study, and 
that his college training has simply given him 
the background for the real pursuit of knowledge. 

Basic training which the young graduate has 
received covers a wide field and is up-to-date. 
Chief engineers will find it to their advantage to 
draw upon ‘the stock of knowledge which the 


recent graduate has acquired in other fields. The 
young man’s enthusiasm will be aroused by the 
feeling that he can contribute something Construc- 
tive early in his career; too often he is only aware 
of the things he doesnt know and can’t do—yet, 
Practical designers are prone to ridicule the 
“theoretical” designers, after whom the graduates 
fresh from college are patterned. They may be 
mathematical wizards, but when it comes to estab- 
lishing the dimensions of an ordinary machine 
part they are at a complete loss or, worse still, 
they settle on absurd dimensions, ignoring prac. 
tical limitations. The problems on which the 
student works in college are mostly intended to 
bring out the application of some particular theory. 


For example, in stress analysis, when he has 
established a shaft dimension that gives a safe 
working stress, he hands in the problem, receives a 
satisfactory grade, and goes on his way convinced 
that he is a competent designer of shafting. This 
recitation did not happen to cover shaft deflec- 
tions, transverse or torsional vibrations, or bearing 
design, and there was not time in class, after the 
students had been drilled in combined bending and 
torsion theory, to discuss practical design aspects. 


The student’s experience in establishing dimen- 
sions of machine parts is thus almost wholly con- 
fined to those that can be calculated. Even in 
courses specifically devoted to machine design this 
is often true, though teachers who have themselves 
done some design try to give practical considera- 
tions their proper weight and give the student 
some chance to exercise his judgment. 


Development of Judgment Important 


Judgment, however, is a quality sadly under- 
developed in college. For the instructor with a 
heavy teaching load and many papers to grade the 
temptation to give all the data needed to work 
a problem, so that there is only one correct answer, 
is well-nigh overwhelming. The result is that the 
student rarely has to assume anything or look 
up any information in sources outside his course 
textbook. Engineers are familiar with the result 
of this defect in college training, and if they 
also understand the cause of it they may be more 
sympathetic towards the initial difficulties of the 
young graduate and, without belittling the value 
of theoretical training, seek to impress upon him 
the importance of developing his judgment and 
initiative. 

Experience, may it be repeated, is often the 
best teacher but it is certainly not the fastest. 
Particularly in our present all-out war effort, 
time is at a premium. Responsibility, therefore, 
rests equally upon the shoulders of the chief eng 
neer and the graduate that the period of adjust- 
ment of the latter may be reduced to a minimum 
and the day hastened when he can assume his 
proper portion of the creative work which ulti- 
mately will lead to victory. 
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Fig. 1—Section through typical im- 
peller shows diagrams of velocities 
at inlet vane tips and periphery 


Pump Design 







Affords Wide Scope in Application 


By H. Gartmann 


De Laval Steam Turbine Co. 


NDERSTANDING of the limitations and po- 
U tentialities of centrifugal-type fluid pumps 

is essential to their proper application. A 
fundamental analysis of pump characteristics and 
the design features which affect them afford per- 
haps the only practical basis for such an under- 
standing. Beginning with a development of un- 
derlying theory, this article discusses the manner 
in which special operation may be attained with 
substantially standard pumps. 

In order to deduce a formula for the head theo- 
retically developed by a pump impeller, it is as- 
sumed that the impeller has an infinite number 
of vanes and is handling a frictionless fluid. The 
head developed by the impeller is the total energy 
of one pound of liquid at the outlet of the impeller 
minus its total energy at the inlet. Increase in 
energy comprises, first, increase in static pressure, 
mostly due to centrifugal force of the rotating 
liquid and, second, increase in velocity head cor- 
responding to the increase in absolute velocity be- 
tween inlet and outlet of the impeller. Figs. 1 and 
2 show sectional views of a pump impeller and the 


OUTLET DIAGRAM 


—s 
+H, 







velocity diagrams for the impeller inlet and the 
impeller outlet. In the diagrams, 


C, and C, are the absolute velocities of the liquid 
at the impeller inlet and outlet, respectively, in 
feet per second 

U, and U, are the peripheral velocities of the im- 
peller tips at inlet and outlet, in feet per second 

W, and W, are the velocities of the liquid relative 
to the impeller at the points of entering and 
leaving the vanes, respectively, in feet per sec- 
ond. 


At no flow, the increase in static head energy 
resulting from the centrifugal action of the rotat- 
ing liquid inside the impeller is (U,*—U,?)/2g 
feet, where g is the acceleration of gravity in feet 
per second per second. Actually there exists inside 
the impeller a relative fluid velocity changing from 
W, at the inlet tip to W, at the outlet. As W, is 
usually less than W,, the static head at the outlet 
is increased by the difference in velocity head, or 
(W,?—W,”)/2g, and the static head at the outlet 
accordingly is 


The energy increase due to the increase in abso- 





INLET DIAGRAM 
Fig. 2 — Simplified 
inlet and outlet dia- 
grams for impeller 
shown in Fig. 1 
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Fig. 3—Velocities and angles at full capacity and at 
half capacity for impeller of Fig. 1 


lute velocity between inlet and outlet of the im- 
peller is (C,?—C,?)/2g, and adding this to the 
static energy increase, gives for the total energy 
increase, expressed in head of liquid 


(U—U?)+ (W2— W;?) + (C2—C,*) 
2g 


H= 





Referring to Fig. 2, W, and W, can be expressed 
as functions of U, C and the absolute angle « be- 
tween U and C, and the formula becomes 


1 
a a2— U,C, cos a) 


or, since C,cosz, and C,cosa, are the components 
of C, and C,, respectively, in the direction of U 


1 
ne U,Cu;) 


In a pump without inlet guide vanes, the liquid 
enters the eye of the impeller in a nearly axial 
direction and, after turning 90 degrees, enters the 
impeller at the inlet vane tips in an almost radial 
direction. Therefore, the inlet velocity component 
Cu, is practically zero and the head formula sim- 
plifies still further to 


Head actually developed by a pump is substan- 
tially less than the foregoing theoretical consid- 
erations would indicate, due to various causes to 
be enumerated later. However, by assuming that 
Equation 2 represents the head developed by a 
pump, certain conclusions regarding the charac- 
teristic curve can be drawn. 

With constant speed of rotation, U, is constant. 
Component Cu, equals U,—Cr./tanB,, where Cr, is 
the radial outlet velocity at the impeller periphery 
and 8, is the outlet vane angle. Substituting this 








term in the second member of Equation 9 


Cr, ) 
tan B. 


(1 nagleee al... 
U; tan B» ts 


When the capacity of a given pump, operating 
at constant speed, changes, only Cr, in the above 
formula will change, and as the outlet area of the 
wheel is constant, Cr, will change in direct propor- 
tion to the delivery, Fig. 3, and the theoretical 
head-capacity curve becomes a straight line. 

Further, for outlet vane angles less than 90 
degrees, that is, for backwardly curved vanes, the 
head decreases with increasing delivery since (Cr, 
increases in the same ratio. For a vane angle of 
90 degrees, tan £, is infinity, that is, the head is 
constant for all deliveries. For vane angles larger 
than 90 degrees, tan B, is negative, making Cr,/U, 
tan B, positive and the head increases with increas- 
ing delivery, Fig. 4. It will be seen that for no 
delivery or shut-off, where Cr,/tang, is zero for 
any angle, the theoretical head becomes U,?/g. 


Actual Differs from Theoretical 


Actual characteristic curve of a centrifugal 
pump differs considerably from the theoretical 
head-delivery curve shown in Fig. 4 because of the 
fact that the water does not leave the impeller 
blades tangentially, but at an angle always smaller 
than the vane angle, and also because of friction 
and turbulence losses. However, it still retains 
the essential characteristics here developed for a 
theoretical impeller. 

Figs. 5 and 6 illustrate the relations graphically. 


Fig. 4—Theoretical 
head-delivery 
curves for various 
values of the vane 
outlet angle 


As has been shown, the principal factors influenc- 
ing the shape of the characteristic curve are the 
angles of the impeller vanes at their delivery ends 
or tips and the magnitude of the radial velocity. 
If the vanes are curved backward, as in stan 
practice today, the head will fall off as the delivery 
increases. By suitable design of the vane angles 
and the outlet area of the wheel, the head may be 
made to fall off sharply. 
Where the pump is to work against practically 
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constant head at variable delivery, as for instance 
in boiler feed service, a flat characteristic is desir- 
able, while for variable head and nearly constant 
delivery a steep characteristic curve is more suit- 
able. In either case, the curve should steadily de- 


..(8) crease in head, from shut-off pressure to maximum 
7 delivery, especially if two or more pumps are to 
operate in parallel. If, in the case of two pumps 
ating operating in parallel, the shut-off pressure were 
bove less than the head at some other point on the 
f the curve and the pump in service were operating at 
opor- the high point, it would be impossible to get the CAPACITY 
tical second unit on the line without increasing its A =n me Oe oe FAA 
speed or resorting to the use of a circulating con- SERRE Cae Re eaes 
n 90 nection or by-pass so that the pump could be op- | 
, the erated at the required head before being placed in 
Cr, parallel operation. 
le of 
ad is Outlet Velocity Is High 
arger 
',/U; Equation 3 also shows why high specific speed 
reas- pumps, such as mixed-flow pumps, have inherent- 
cd ly steep characteristic curves. With the small di- 
) for ameter wheel, fairly small outlet angles must be 
). used in order to get vanes of sufficient length to 
guide the fluid properly. Also, the radial outlet 
velocity, due to the large capacities handled and 
the limitation in wheel diameter and available out- 
fugal let area, is comparatively high, giving a large 
tical value of Cr,/U,tanB,, which obviously results in 
f the a steep characteristic. 
eller Thus far, only the influence of the impeller on 
aller the shape of the characteristic curve has been dis- 
ction cussed, no reference having been made to the in- 
tains fluence of the surrounding casing. As shown in 
or a developing Equation 1, the total energy of the 
liquid at the discharge of the impeller comprises 
sally. two quantities. The static head at this point is 





composed of the sum of these quantities and is rep- 
resented by the expression 





(U2—U,*)  (W2— W,?) 
a 
2g 2g 


while velocity head, or kinetic energy, is repre- 
sented by the expression (C.2—C 7) /2g or, as the 
magnitude of C,?/2g is usually negligible, by 
(2/29. The ratio of these two factors varies ac- 








Fig. 6—Characteristic curves corresponding to impeller 
vane shapes shown in Fig. 5 


cording to the angle of the impeller vanes and also 
according to the ratio between the velocity W, of 
the water relative to the impeller and the periph- 
eral velocity U, of the impeller. As can be seen 
from the outlet diagram of Fig. 2, the kinetic 
energy, or velocity head, represented by C,?/2g is 
in general large for radial vanes and diminishes 
with decrease in outlet angle £,. 

Efficiency of the pump as a whole depends, 


enc- 
the first, upon the efficiency with which the impeller 
ends pressure is generated, and second, upon the ef- 
city. ficiency with which the velocity head C,*/2g pos- 
dard sessed by the water as it leaves the impeller is 
very converted into pressure head. This will also af- 
gles fect the final characteristic curve. Efficiency of 
y be conversion within the impeller is increased by cor- 
rect surfaces, gradual change of areas, and smooth 
sally finish. It is advantageous to develop a large part 
Fig. 5—Three typical shapes of impeller vanes of the total head in the impeller, where velocities 
1, 1942 
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are relatively low and where the conversion of 
energy into pressure can be effected efficiently. 
Moreover, the existence of a large portion of the 
energy as velocity head in the water as it leaves 
the impeller is accompanied by an unsuitable form 
of head-delivery curve. 

Two principal methods are employed for the 
conversion of velocity head. With low and medium 
head pumps, a spiral casing or volute is used in 
which conversion takes place according to the law 
of conservation of moment of momentum, namely, 
that the velocity of each particle of the water in 
a circumferential direction will vary in the in- 
verse ratio of its distance from the center. In 
other words, the larger the ratio between housing 
and wheel diameter, the more the velocity will be 
reduced and the more the kinetic energy of the 
water as it leaves the impeller will be converted 
into pressure by the time the water has reached 
the periphery of the diffuser space. The relatively 


Fig. 7—Development of actual head-delivery or test 
curve H from the theoretical head-delivery curve 


small impellers employed in pumps of high specific 
speed lend themselves admirably to this method 
of diffusion, since the ratio of the outer radius of 
the diffusing chamber to the inner radius can be 
made very large without unduly increasing the size 
of the pump casing. 

For high head pumps, particularly multistage 
pumps, diffusing vanes are usually employed for 
converting the velocity head of the water as it 
leaves the impeller into pressure head. By em- 
ploying a number of vanes placed around the 
periphery of the impeller so that they form pass- 
ages of gradually increasing cross section, the high 
velocity of the water as it leaves the impeller is 
efficiently converted into pressure in a relatively 
short radial distance. 

The head-capacity curve which has been de- 
veloped herein, theoretically is a straight line. 
For outlet angles of less than 90 degrees it has 
the shape shown in Fig. 7 for Hth. However, the 
water in an actual pump impeller with a finite 
number of vanes will always leave the impeller 


at an angle £, relative to the tangent at the 
periphery which is smaller than the actual vane 
angle. This reduces the theoretical head developed 
in a practically constant ratio, even if a friction- 
less fluid is considered, and the new theoretical 
head has the shape of Hth, in Fig. 7. The reduc. 
tion in head from Hth to Hth, does not represent 
loss in pump efficiency, but takes into account dis. 
crepancies between the theoretical flow of a fric. 
tionless fluid in an impeller having an _ infinite 
number of vanes and the actual flow in an impeller 
having only a few vanes. The friction losses ip 
the suction passages, inside the wheel and in the 
discharge volute will be least at no discharge and 
will increase approximately as the square of the 
delivery, reducing the head Hth, approximately as 
shown. 


Losses Caused by Turbulence 


Losses, next to be considered, are caused by tur- 
bulence. Referring to the inlet diagram of Fig. 2, 
it will be seen that for a given wheel operating at a 
fixed speed, that is, with U, constant and inlet 
angle £, fixed, there is only one inlet velocity C,, 
that corresponding to the rated capacity, which 
will fulfill the conditions of the diagram. For re- 
duced or increased delivery the water enters the 
wheel at an angle different from the vane angle, 
with resultant shock and turbulence losses. Tur- 
bulence losses also occur at the entrance to the 
diffuser in diffusing vane pumps and, to a smaller 
extent, at the tongue of a volute pump, at deliv- 
eries different from rated capacity. The final 
head-delivery curve H accordingly appears as in 
Fig. 7. It is difficult to build a diffusing vane 
pump with a head curve steadily decreasing from 
shut-off to full capacity. The turbulence losses 
in diffusing vane pumps at reduced deliveries are 
considerable since the angle of the diffuser vane 
is correct for only one capacity. However, during 
recent years this disadvantage has been largely 
overcome by specially dimensioning the diffuser 
vanes so that this type of pump can be built with 
a stable characteristic. 

For most pumps the head at no delivery or shut- 
off pressure has a value of about U,*/2g. (The ac- 
tual value varies from about .9U,2/2g to 1.1U,"/29). 
Pressure at shut-off is then 


Nx D\? 
in ~~) 


1840 

wherein N is revolutions per minute and D, wheel 
diameter in inches. If there is no flow, the static 
pressure developed in an impeller is (V,2—V,?)/ 29, 
or if all the water down to the wheel hub is rotat- 
ing, very nearly V,?/2g. Even though the condi- 
tions under which an impeller operates at zero de- 
livery vary considerably from the theoretical as- 
sumptions, the head developed is actually very near- 
ly V,?/2g, and this formula can conveniently be 
used for calculating the approximate impeller di- 

(Concluded on Page 214) 
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2 
v~.75(2") to. ol 


Equating this to the allowable value cS,,?, where 
S,, is the working stress, and solving for t, the re- 
quired wall thickness is 


en 7 a 


By the usual stress theory the thickness is ob- 
tained by equating the maximum of the stress, as 
in Equation a, to S,, or 


This thickness is 14 per cent greater than that 
given by Equation 2. 


Example 2—Cylinder Head—General: Mem- 
brane stresses due to pressure produced in the cyl- 
inder head of the vessel, Fig. 1, will depend on the 
shape of this shell. The stresses have been ob- 
tained for a vessel represented by a general sur- 
face of revolution”, as shown in Fig. 2. Stresses 
S, and S, are 


R 
S,= PR: and s,-7(2- 


2t 2t R, 


where RF, is the radius of curvature of the meridi- 
anal section and R,, the radius of curvature of the 
section perpendicular to the meridian at the point 
considered. Using Equation 1, the distortion 
energy for the element is 


-o( 5) [3-35 +(e) J 
ve =) . a R, 


Equating this energy to the allowable value cS,,?, 
the required wall thickness ¢ in terms of the radii 
of curvature R, and R, is 


_ PR: R, (=) 
t= aE of 7 ae 





Fig. 3 represents the variation in this wall thick- 
ness as a function of the ratios R,/R, and R,/R, 
with values from 0 to 1. In this way all possible 
shapes of shells are considered. 


Example 3—Hemispherical Head: For a hemi- 
spherical shaped head, R,—R, in Equation 3 and 
the wall thickness is 


pr 
: 28S. - 


This agrees with the wall thickness as usually de- 


2For the stress analysis of this problem see, for example, 
S. Timoshenko—Theory of Thin Plates and Shells, McGraw- 
Hill Book Co. 


Fig. 3—Variations in wall thickness for cylinder head 
of general surface of revolution 


termined because, in a hemispherical shell, the two 
stresses 8, and S, are equal. 


Example 4—Conical Head: For a conical head, 
as shown in Fig. 4, Equation c can be used for the 
stresses by noting that R,—o and R,=h tan «. 
That is, 


R 
a PI an. 


S, ; 
2t t 


Using Equation 1 the distortion energy is 


R.\? 
v=.75(7 = Jc 


Equating this energy to the allowable value, 


anit tp Abiaktteeiee : 


w 


The maximum value of t is for the element where . 
R, is maximum. That is, 3 


Gua - vr 
co. h 


S a 


Then the required wall thickness is 


t=.87 7 y1+(+) oO 


Value of the wall thickness t is dependent upon the 
dimension ratio r/h. The variation in the thickness 
is shown in Fig. 4 for all possible values of 1/M- 
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Rrample 5- Ellipsoidal Head: For a pressure 
yessel or head of ellipsoidal shape, as shown in 
4 Fig. 5, the stresses have been shown to be the fol- 


lowing: 


¥ 









pka o 1 
S\= OF v and s.=s,(2-—) a .(h) 





“where k=a/b and v=[1- (k*—1)cos*g]— 
> Following the procedure as previously used, the 
distortion energy for the stressed element is 


ka \?* 1 , 


© he critical element will be where V is maximum 
® asvvaries. By calculus this is defined by dV /dv= 
> Qorv=.76. Placing this value of v in Equation 
ithe maximum values of V is 













ka \? 
Vaee=.115e( 7) | by oe 












head . 
— Equating this energy to the allowable value cS,,’, 
the wall thickness required is 
wis 2 t=.34—k (6a) 
S. 

head, The maximum value of V may also be for 8-=0 or 
or the g=90°. For these values the wall thickness value 
fan 4 is 


t=.50-5— V3-3B TR | _. (6b) 


_(e) 


‘See, for example, “The State of Stress in Full Heads of 
Pressure Vessels’—-W. M. Coates, Transactions, A.S.M.E., 
Vol. 52, 1930, Paper APM—52—12. 


Th. Fig. 4—Wall thickness for a conical cylinder head 
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The value given by Equation 6c is greater than 
that given by Equation 6a. A plot of Equations 
6 is shown in Fig. 5. From this diagram the gov- 
erning value of the wall thickness is then the 
maximum ordinate to the curves shown. 


Example 6—Torus: A special type of pressure 
vessel is the torus? in Fig. 6. In the wall of this 
vessel, at any point at a distance r,, the stresses are 






Ab 


oO 


S\=A+ 





and S:=A. (k) 


where A=pa/2t. 
The distortion energy for this element by Equa- 
tion 1 is 





2 
V=cA+(1+ : +) w (l) 


To o 


Placing dV /dr,—0, the critical element is at r,= 
b—a. Maximum value of the energy V is 


: [ 4. .(m) 


Viner = Ali aa ee Se ee 
et Sal Oe 


Equating this energy to the allowable value c§8,,?, 
the wall thickness required is 








pa y1-- ce _ wer oo 
t= - bi (7 
2S. . a (1—ra)? 


where r,—=a/b. Fig. 6 shows the variation in the 
thickness t¢ for different values of 1r,. 


TANKS: Tanks of various shapes are used for 
storage of liquids. The tanks considered are open 
at the top and the liquid is subjected only to the 
pressure of its weight. There are a number of 
considerations in the design of these tanks—such 
as the design of the riveted or welded joints and 
of the supporting structure. Another is the ef- 
fect of the membrane stresses due to the weight 
of the liquid. For example, in the conical tank in 
Fig. 7, the membrane stresses are 


2 
y tan a(d-—y) 
S.= : (n) 
’ 2t cos a 





_ v(d—-y)y tana 


S: 
tcos a 





Using Equation 1, the distortion energy for the 


element at A is 






ly important to analyze the forces and stresses 
produced in piping systems. The stresses are pro- 
duced by expansion due to temperature changes, 
internal pressure and dead weight. Expansion 
joints of different types sometimes are used to pro- 
vide for effects of thermal expansion produced py 
hot fluids. It is desirable, however, to eliminate 
unnecessary anchors and other restraints for an 
economical piping design. Determination of the 
forces acting on a general pipe system is a compli- 
cated one since the reactions produced are statical- 
ly indeterminate and the structure must be con- 
sidered as a _ three-dimensional space problem, 
Analysis of these statically indeterminate reactions 
has been studied by many engineers‘. The prob- 
lem of the combined stress effect produced in piping 
due to axial loads, bending moments, internal pres- 
sure and twisting moments, however, has not been 
adequately considered. 

In Fig. 8 is represented a pipe subjected to the 
forces previously mentioned. The piping discussed 








Fig. 5—Wall thickness for a head of ellipsoidal shape 


¥y 2 2 y* o : ; 
Vac 4 ( d-—+y) -+-(a- =) (d—y)+ Fig. 6—Right—Thickness of 
wall for a pressure vessel in 
ytana the shape of a torus 


y(d—y)* 
tcos a 


The maximum value of V is for dV/dy=—0, or for 


y=.52d 


For this value of y 


t 
Vie .......: ve cs oe 
t cos a 
, ‘ . , Fig. 7—Below—Wall thick- 
Placing this value of the distortion energy equal to ae ps edie teste 


the allowable value cS,,?, the wall thickness re- 
quired becomes 


t 
SE ht 
S, COS a 


v@ a [/a\? 
t= .225—¥ | — 
S.’ . d V( d y+ 


Fig. 7 shows the variation in the wall thickness 
for different ratios of a/d and d/a from 0 to 1. 
This gives values for all possible angles of «. 


PIPING: New processes in the power, oil refin- 
ing and chemical industries have lead to larger 
units and higher operating pressures and tempera- 
tures. This increase in size has made it increasing- 

*For an excellent analysis of this problem see, Design of 
Piping Systems—Expansion Stresses and Reactions in Pip- 
ing Systems, Published by the M. W. Kellogg Co., Jersey 


City, N. J., 1941. This manual aiso gives a good bibliog- 
raphy on these studies. 


MACHINE DesicN—April, 192 BY 








Stresses 
are pro- 


changes, 
‘pansion Fig. g—Below—Stresses on an element in pipe 
ore produced by bending moment, axial load, 


| to pro- 
3 internal pressure and twisting moment 


luced by 
liminate 
for an 
of the 
compli- 
Statical- 
be con- 
roblem. 
eactions 
le prob- 
n piping 
lal pres- 
10t been 


Fig. 9—Right—Pipe thickness for given values 
of R3 and R3' with R1=O and R2 varying 


1 to the 


fo the present will be for relatively low pres- 
s fes so that the wall thickness is small compared 
li the pipe diameter. In general, the effects of 
fansverse shear forces can be neglected. Bend- 
moments may act in two planes at right angles 
mu it is only necessary to consider the resultant 
ending moment M. 
"Stresses produced on an element at A in Fig. 8 
@e a normal stress S, from the bending moment 
amd axial load P, a normal stress S, due to the in- 
pressure p, and a shear stress S, produced 
wy the twisting moment 7. The values of these 
sfess components for the critical element at the 
outer top fiber are 


ntl bse equations P represents an axial load which 
May include the longitudinal load produced by the 
pressure. For a thin-walled tube the 
ies of the moment of inertia J, polar moment 
Mertia J and area A can be approximated to the 

g values: 
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Placing these values of J, J and A in Equations q, 
the stress components are 


P i 
= ae on ; S,= 
mrt 2nrt t 2xr°t 


The expression for the distortion energy repre- 
sented by the above stresses can be obtained by 
using Equation 1 and replacing S, and 8, by their 
values in terms of S,, S, and 8,; namely, 


Ps ms. ( — )+8. 
S, 2 





Making this substitution 
V=c(S,2—S,S,+S,7+3S2) .... . (la) 


The value of V in terms of the loads is found from 
Equations u and la. Its value is 


1 2 
V=c(=—) [(2M+Pr)?— (2M+Pr) (xpr*)+ 
2rr°t 
(xpr*)?+3T?] .. (w) 


Equating this energy to the allowable value cS,,* 
and solving for the wall thickness ratio t/r 


t Pp ; 
—= (2) 701k. +.5R: —.16(R,+R.)+ 


.076R;2+.25 .. 
where R, R, and R., are 








pr? pr’ EEE |) 


That is, the pipe thickness ¢ is given in Equation 9 
in terms of the working stress S,, and the Various 
load ratios R defined in Equations z. Design charts 
representing the variation in the wall thickness for 
different combinations of the forces acting are 
given in Figs. 9 to 11. An inspection of these dia- 
grams shows that the wall thickness required is 
sometimes appreciably different from the values 
obtained when using the usual stress theory, 

It should be emphasized that only one of many 
factors influencing the design of piping has been 
considered. Influence of creep and the determina. 
tion of deflections and rotations are sometimes im- 
portant considerations. The value of the working 
stress S, must also be selected in many cases with 
an allowance for the effect of temperature. 


Conserves Critical Materials 


Fig. 10—Thickness for pipe wall with Ri=.5 and Re To conserve raw materials and fully utilize scrap, 
varying as shown in the lower right-hand corner of raw materials and parts, leading manufacturing in- 
each chart terests of Erie, Pa., have developed a plan of in- 
dustrial conservation, is producing excellent resuits. 
An executive committee formulates instructions 
for men in each plant heading up salvage depart- 
ments. Also, it furnishes technical advice to in- 
dicate proper collection, segregation and disposal 
of scrap by classification into iron, steel, nonfer- 
Fig. 1l—Pipe thickness for values of Ri and R2 as rous, etc. Data pertaining to all government regu- 
shane, the tower, comer of cach ebart lations as well as listings of buyers, dealers, brok- 
ers or consumers of scrap according to established 
classifications are made available to each manufac- 
turer. 

Other useful information data will be distributed, 
and records of scrap collected and salvaged by each 
plant assembled and evaluated. For future guid- 
ance, studies will be made on the practicability 
of extending practices and procedures which have 
proved profitable in certain organizations to others 
operating on comparable bases. Also, the feasibili- 
ty of adapting successful methods of large plants to 
smaller ones will be considered. Reasons for ul- 
due accumulation or sluggish movement of waste 
materials will be analyzed in an effort to increase 
the effective use of strategic materials. 

Possibilities of transferring equipment not need: 
ed in one plant for production in another will be 
carefully weighed. For consultation purposes, 
services of an experienced salvage engineer are 
available on specific problems. Speakers for impor 
tant meetings and clearing house functions for I 
formation and plans for procedure are additional 
features of the program. 

Training of salvage men in definition of scrap, 
its nature, handling and salvage is included in the 
program. In each plant, these men arrange thelr 
own meetings and are responsible for conservation. 
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mm i— Right — Pneumatically 
operated typewriter for duplicating 
letters from rolls. Containing two 
rolls, the machine may be preset by 
pushbuttons to type any desired 
number of combinations 


Fig. 2—Below—Main action unit 
showing links connected from 
“pneumatics” to key-actuating lever 
unit and two records in position 
over tracker bars of machine 


By H. W. Kloid 


Development Engineer 
American Typewriter Co. 


Dual Pneumatic Drive 


Speeds Automatic Machine 


UTOMATIC operation of a 
A typewriter to utilize pneu- 
matic impulses governed 

by perforations on a_ record 
similar to a player-piano roll 
provides quiet and dependable 
operation, long life, and flexi- 
bility that makes the machine 
shown in Fig. 1 suited to ap- 
plications where a portion of 
the material being typed is 
repetitive. A means of selecting 
from several form letters or 
paragraphs on two given record 
rolls provides a method of pre- 
selecting a portion from one roll 
while the machine is actuating 
the typewriter from the other. 
Preselection by means of 40 
electric pushbutton switches for 
each record roll, Fig. 2, offers 
advantages of faster and more 
accurate operation than is pos- 
sible with only one record roll 
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on machine. While normally referred to as an au- 
tomatic typewriter, it is actually an accessory, 
and may be used in conjunction with any con- 
ventional or motor-driven typewriter. 

Principal actuating mechanism is a “pneumatic,” 
consisting of one stationary and one moving part 
hinged together and held apart by a cone-shaped 


coil spring, and covered by rubber cloth, Fig. 3.. 


Power is produced by establishing a sub-atmos- 
pheric condition in the pneumatic through a suction 
pump. The power produced by the pneumatic is 
related to the surface of its top and the amount 
of suction used. 

Connecting link between the pump and pneu- 
matic is a pneumatic valve. Its function is to 
connect the pneumatic either with the outside air, 
establishing a pressure within the pneumatic equal 
to the atmosphere, or to link the pneumatic with 
the suction supply and collapse its movable part 
under the influence of sub-atmospheric pressure 
on the inside. The actuating means of the valve 
is a flexible diaphragm which rises under the in- 
fluence of outside air pressure on the bottom, and 
suction above. Control means is an air impulse 
received through a perforation in the record, con- 
nected to the valve by a tracker bar hole and a 
rubber tube. 

A bleed or vent is provided for connecting the 
suction channel above the diaphragm with the 
compartment below. This makes possible return 
of the diaphragm te its collapsed position when 
outside air is cut off, returning the valve to normal 
position. This open the suction channel to out- 
side air through the vent. Bleed screws for pneu- 
matics are placed to be readily accessible for ad- 
justment, or to clean out foreign material that 
might interfere with normal operation. 


Selector Device Provides Versatility 


The typewriter is actuated by four rows of pneu- 
matics, Fig. 4, arranged corresponding to a type- 
writer key board; with shift, tabular key and back 
space pneumatics mounted under those for the 
letters. This unit is mounted directly below the 
typewriter position, while a larger pneumatic lo- 
cated to the right of the main action unit provides 
a means of line spacing and return of the type- 
writer carriage. Wires provide direct connections 
between typewriter key bars and the corresponding 
pneumatics. In operation, collapse of a pneumatic 
pulls down the key from below the typewriter, 
thus causing typing of corresponding character. 

The original Auto-typist was limited in applica- 
tion to typing a single form letter, necessitating a 
record change every time a new letter was de- 
sired. Development of a selector device made it 
possible to choose several letters from a single 
record, or to compose a letter from a large num- 
ber of available paragraphs. The need for even 
greater record capacity with the same selectivity 
brought development of a dual model, doubling 
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Fig. 3—Above—Cross section of main action bank 
pneumatic showing valve and tracker bar in closed 


position. 


In insert valve and tracker bar are open 


Fig. 4—Below—Main action unit showing four banks of 


pneumatics and valve bleed screws. 


Collapse of a 


pneumatic operates the corresponding typewriter key 
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the record capacity by employing two record spool 


mechanisms. 

Two record rolls make necessary the incorpe 
tion of slide valves to prevent actuation of the 
writer from more than one record at a time. 


slideable or upper plate of the slide valve, @ 


tracker bar shut-off block, Fig. 5, has a series ¢ 
nipples connected to the corresponding nipples 0 
the tracker bar. The lower or stationary 
the slide valve is provided with the same num 
of nipple outlets, which connect by means of F 


ber tubing with a corresponding nipple on 4 Z 
other tracker bar shut-off block. This tube COB 


nection is interrupted by a T-nipple, the open © 
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sisting of four pneumatics with intake valves con- 
nected to a common channel within a square frame. 
This supplies the vacuum necessary to actuate all 
pneumatic functions of the machine. The pump 
is rated at 15 centimeters of mercury suction, 
which during normal operation is vented or 
“leaked” to operate between 9 and 11 centimeters. 
Leakage is eliminated, however, when the car- 
riage return operates to provide maximum suction 


Fig. 7—Above—Rear assembly with pump and motor 


drive in foreground 


Fig. 8—Below—Schematic diagram of right half ‘of 


electrical control system. 


Other half is duplicate 


from the pump for speedier return of the car- 
riage. 

Pump is driven by a %-horsepower Split-phase 
1140 rpm. motor, either alternating or direct cur. 
rent, resilient mounted to eliminate hum or Vibra- 
tion. Other possible methods have been utilized to 
eliminate vibration and noise that would be ob. 
jJectionable in a business office. The result ig 


that the only perceptible noise is the click of the 
typewriter keys themselves. 

Pneumatics in the main action unit, connected 
to the typewriter keys, require power equivalent 
to three ounces of pressure to pull the key of an 


electric typewriter, and 12 ounces for a conven. 
tional typewriter. Regulation of the transmission 
for normal forward typing speed is accomplished 
by a rubber friction wheel movable on an inter. 
mediate shaft in the pump. This wheel presses 
against a rubber disk to gain speed of record in 
accordance with speed of the typewriter. Average 
typing speed is 110 to 125 words per minute with 
conventional typewriters and about 15 per cent 
higher when the machine actuates an electric 
motor driven typewriter. 


Two pushbutton selector devices are incorporated 
in this machine, one for each record. Each device 
consists of a contact stepper unit, 

a record directional switch, a re- 
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verse selection cut-off switch, an 
emergency stop unit or pneumatic 
relay, a reverse selection canceling 
and selector magnet unit, 40 elec- 
tric pushbuttons with reset but- 
tons, and a suction cut-off block 
| for transmission forward and re- 

verse select pneumatics. The wir- 
ing diagram in Fig. 8 schematical- 
ly shows the connections for these 
control elements. 

The contact stepper unit is de- 
signed to move or step the elec- 
trical movable contact, forward or 
reverse, to a stationary contact 
that has an electrical connection 
with a corresponding pushbutton. 
The stepping of this movable con- 
tact is accomplished by two pneu- 
matics, one forward and one re 
verse. The forward pneumatic has 
| | a direct connection with a select 
| | forward valve in the valve box, and 
|| steps once every time a series of 
| select perforations pass over the 
| tracker bar when the record 3s 
progressing in a forward direction. 
These select perforations provide 
Tt subdivisions in the record roll, seP- 
| arating paragraphs, letters, 
single words or phrases. 

The reverse stepper pneumatic 
unit is interconnected through 


(Continued on Page 134 

















. By R. S. Elberty 

e- Electrical Engineer 

C- Landis Tool Co. 
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- Oe seetece electrical drives and controls for 
production machines present many recog- 

s nized advantages to the buyers and opera- 

ri tors of these machines. Not so apparent are the 

d advantages tc the machine builder. A brief sum- 

f mary of these advantages might be tabulated as 

e follows: 

Advantages to the User 

: 1. Self-contained machine, can be shifted in 


production line 

2. No projecting controllers or conduits to be 
damaged by trucks 

3. Electrical equipment is better protected 

from coolant, oil and chips 

4. Floor space is reduced 

9. Appearance is improved 

6. Machine is easier to clean 
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Build In Controls for 
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| Wartime Economy! 


7. From standpoint of electric shock, the ma- 
chine is safer. 


Advantages to the Manufacturer 


. Complete responsibility for design 


. Machine can be tested before shipment 
Savings in cost of conduits and fittings 


. Reduced wiring and mounting time 
A neater, more salable product 
. Painting is easier. 

In order to build-in controls to gain these many 
advantages, the safety of the operator and the 
machine must be considered. For this reason the 
National Machine Tool Builders association has 
recently prepared and adopted electrical standards 
that might well serve as a reference to any ma- 
chinery builder seeking a guide for good minimum 
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Fig. 1—Above—Built-in drives and control on grinder 
showing motor for hydraulic pump, direct-current 
generator for variable voltage headstock, and magnetic 
control. Wiring is prefabricated from cable and wiring 
channels are provided in bed casting 
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Fig. 2—Assembled magnetic control panel wired to 
reduce length of wire. Wires are color coded 

























practice in the application of built-in drives. Good 
design of built-in electrical control does not neces- 
sarily add to the cost of a machine. There are 
inherent economies in this type of application 
which the machine designer can utilize. 

For example, built-in control is usually a special 
assembly of standard parts. A suitable starting 
point is in the control itself. This should be de- 
signed to use a minimum number of parts. The 
control criterion* may be applied to any control 
to determine if there are any parts in excess of 
those actually required. If so, the control may be 
redesigned to eliminate these parts. The designer 






*“Designing Control Circuits,” MACHINE DESIGN, March, 
April and May, 1941 
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‘MULTICONDUCTOR CODED CABLE* 


*Each conductor has 19 strands covered with SN synthetic insulation. Cable is taped and covered with ae 
for Nos. 14, 12 and 10 size conductors. 8, 6 and 4 are covered with 4/64-inch jacket. Insulation thickness 
ductor is 2/64-inch for 14, 12 and 10, 3/64-inch for No. 8 and 4/64-inch for No. 6 and 4 conductor sizes. 





should also determine if mechanically operate 
contacts can be substituted for magnetic relays ip 
the control circuit. Limit switches, selects 
switches, etc., can often be substituted for mag. 
netic contacts to good advantage. 

Built-in controls usually permit the designer ty 
use greater flexibility in the location of parts, a 
shown in Fig. 1. The first consideration should be 
maintenance of the machine, but next is the loca. 
tion of the control close to other electrical parts, 
This practice saves wire and reduces the time of 
installation, besides resulting in a good electrical 
job. The advantage of flexibility in the location of 
the equipment should not be abused. Its compart: 
ment should be suitable from every consideration, 
and not just any cored opening that happens to be 
in the machine. 

Controllers may be divided into several parts 
and separately mounted to save space in the ma- 
chine. This might be a convenient solution to a 
difficult design problem, but wiring time and ma- 
terial can be saved if the magnetic control is in 
one piece at one location in the machine. The same 
procedure in locating pushbuttons, limit switches, 
etc., will show economies in wiring time and say- 
ings in necessary war materials. Everybody gains 
from a well designed built-in control. The ma- 
chine user has a simplified control, the machine 
builder reduces the cost of instailation, and our 
nation saves critical materials. 

Magnetic control panels, Fig. 2, offer economies 
in manufacture. For convenience in servicing and 
maintenance, front-of-board wiring is preferred. 


Fig. 3—Oiltight bushings effectively seal cables and 
clamp them to the machine part. Cables are color 
coded with terminals mechanically staked 





Color of Color of Each Conductor————_ 
Cable Light el- r- ur- wn 
Jacket Red Blue low ange ple Blue Pink Bre 

Brown x x 

Black x x x 

Navy Blue xX x x x 

Purple xX xX x x x 

Dark Gray X x x x x t ~@s 

Light Blue xX x x xX xX x 
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In the machine tool industry, type SN wire’ is 
coming into general use because of its resistance 
to the action of oil and coolant. This type of 
insulation has been greatly improved in recent 
years and it will probably come into more general 
use due to the scarcity of rubber and synthetic 
rubber. The material is very tough in resisting 
mechanical abrasion. 

Many panels are also wired with SN wire, and 
the use of color wire to identify circuits has 
simplified servicing of complex control panels. The 
wires should not be placed on top of each other 
and crossovers should be avoided as much as 
possible. Wire is often wasted in the interest 
of neatness, and a return to a functional scheme 
of wiring will reduce the number and length of 
wires on most controllers. In these times there 
is no justification for the addition of materials 
for the sake of appearance only. 

Many machine builders find they can assemble 





Fig. 4—Set of wires being prefabricated from type SN 
cable. In wiring the machine the electrician follows a 
color code and need not make soldered connections 


their own special controllers at costs to compare 
favorably with market quotations on this type of 
equipment. Standard contactors and relays are 
built in large quantities and stocked by the elec- 
trical manufacturers. The machine designer has 
considerable freedom of choice in selecting stand- 
ard items for assembly into special controls. 
Various methods of applying wiring have been 
devised. The house-wiring system of pulling loose 
wires through conduits is being supplemented by 
methods that are more suitable to the machine and 
to the conditions under which the electrical equip- 
ment must function. Identification of wires by 
coding is being used increasingly, the old method 
of “ringing out” circuits being far from satisfac- 
tory on complex controls. Wires may be marked 
or numbered on each end, wiring harness can be 
Prepared which cannot be incorrectly connected, 


gs 


mectmninetic insulated conductors, National Electric Code 

. ge Type SN insulation is defined in the 1940 

solid synthe flame-reiardant, moisture-resistant approved 

limitation etic insulation (type SN), with a temperature 

to 4/0 of 60 degrees Cent. (140 Fahr.) in sizes Nos. 14 
* ++. Ne outer fibrous covering being required”. 
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or color coded wiring may be used. Any of these 
systems facilitates maintenance and simplifies the 
problem of machine wiring. 

Cable connections to moving machine parts have 
always been a problem to machinery. builders. 
Flexible metallic conduit will fail mechanically 
under severe flexing and it offers little or no 
protection from the action of coolant and oil. 
Cable with SN outer covering offers a practical 
solution to the problem and can be made oiltight 
and watertight through suitable fittings. While 
this is a new development, there are signs that 
this type of cable will become increasingly popular 


Fig. 5—Time re- 
quired to wire a 
grinding machine 
by three methods: 
(A) control on out- 
side of machine 
with wiring in con- 
duit, (B) built-in 
control using 
cabled wiring and 
(C) built-in control 
from prefabricated 
color-coded wiring 





for different applications where wiring may be 
exposed to water or oil. It should not be used 
in high temperatures and it loses considerable 
flexibility when operated below the freezing point. 
In any system of color coding, consideration 
must be given to the wire and cable manufactur- 
ing problem. Special wires and cables will have 
excessive costs unless purchased in large quanti- 
ties. The accompanying table of color coded cable 
has been prepared with this thought in mind. This 
system has been in use by the Landis Tool Co. for 
over a year and the results have been quite satis- 
factory. Method of applying bushings for sealing 
and clamping the cable is shown in Fig. 3. 
Prefabricated wiring systems save considerable 
time and prevent waste of material. One system 
of prefabrication is illustrated in Fig. 4. Size and 
length of wire or cable can be long enough to cover 
variations in dimensions, or mounting differences, 
but need be no longer. If the wire is cut to length 
away from the machine the work can be done by 
relatively unskilled labor, reserving skilled elec- 
tricians for actual wiring of machines on the as- 
sembly line. Resulting savings in time and mate- 
rial will pay for the engineering time to lay out 
and specify a good job. Fig. 5 compares wiring 
time for control mounted outside, wired in con- 
duit; built-in control, cable wired; and built-in, 
prefabricated wiring. Although a special case, the 
chart shows how assembly time can be reduced. 
With our entire war effort calling for more and 
more production, machine designers can contribute 
man hours and strategic defense materials to na- 
tional defense through applying built-in electrical 
control. Here are large possibilities, and the en- 
gineering doesn’t necessarily call for great change. 
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By John D. Howell 


Remington Arms Co. 


N DESIGNING gear trains it is often 

felt that any departure from the 
standard 14%-degree involute tooth 
requires a special gear, and that such 
special gears are necessarily expensive. 
With modern methods of gear cutting, 
however, such forms as the 20-degree in- 
volute and even certain special gears of 
nonstandard form are not only no more 
expensive but also have advantages over 
the old 14%2-degree form. It is hoped that 
this article will assist those machine de- 
signers who have only infrequent occasion 
to design trains of gears and who, there- 
fore, may not be acquainted with the full 
possibilities of special gearing. 

If gears are to be selected for the job it 
is highly desirable to specify the 20-degree 
full depth involute form rather than the 
14%-degree. In fact, the British and other 
European gear standards, though recog- 
nizing the necessity for the 14%-degree 
form for replacement work, recommend 
that the 20-degree form be used on all new 
design. One can only assume that the per- 
sistent use of the 14%-degree gear is attributable 
to the attitude, “The old way has worked for fifty 
years. Why change?” 

To answer this question, examination of Fig. 1 
shows the teeth of a rack, a 24-tooth gear, and a 
12-tooth pinion. Fig. 1a illustrates the 14'%-degree 
involute and Fig. 1b, the 20-degree involute forms. 
The 20-degree rack, with its wider base, is the 
stronger form. Also, in the case of the 24-tooth 
gear, not only is the 20-degree the stronger tooth 
but, in addition, in the 14%-degree form the fillet 
between the teeth has cut a small amount out of 
the base of the involute itself. In the 12-tooth 
pinion even the 20-degree tooth has begun to de- 
velop a slight amount of undercut. In contrast the 
undercut of the 14%-degree, in addition to seri- 
ously weakening the base of the tooth, extends 
almost up to the pitch line, removing an important 
portion of the working surface. 

In the 14%-degree form undercut will be pres- 
ent when the number of teeth is less than 32, may 
be excessive when the number of teeth is less than 
22, and with 14 or less teeth, correct gear action 
is impossible without modifying the tooth form. In 
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Fig. 1—Less undercut of teeth in the 20-degree pressure angle 
system (right) results in increased strength and contact ratio 


the 20-degree form, undercut is not present until 
the number of teeth is less than 18 and is not likely 
to be excessive until it is less than 14. As an 
example may be cited a design in which two 12- 
tooth, 14%-degree pinions were meshed together, 
giving a contact ratio, due to undercut, of 034! 
Contact ratio being a measure of the amount of 
gear action, there was practically no correct gear 
action at all. If these pinions had been of the 20- 
degree tooth form the contact ratio. would have 
been 1.049, still by no means as large as desirable, 


but at least a ratio which could be expected t0 ~ 


give continuous gear action. 


Affects Contact Ratio 
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From this example it will be noted that, m= 


addition to weakening the tooth, undercut may = 
also have an adverse effect on the contact ral — 


Thus, while the 14%-degree form can have ay 


greater contact ratio in the larger gears than can 


the 20-degree (the limiting values, i.e., the contact 


ratio for a rack with an infinitely large gear, a 
2.63 for the 14%-degree and 1.98 for the ’ 


MACHINE DRIVES AND CONTROLS SUPF 


BME. 





lip Gears! 





degree), the presence of undercut in the smaller 
and often more useful pinions is likely to cause a 
far smaller contact ratio in the 14%-degree system. 


Another point in which the 20-degree form is 
superior to the 14%2-degree is tooth strength. A 
tooth can fail in three ways: The first, already 
noted, is failure as a beam, in which the form is 
a controlling factor; the second is by spalling, that 
is by portions of the contact surface flaking off 
© from excessive pressure; and the third is by wear. 
" Resistance to the second is a function of the radii 
4 of curvature of the contacting surfaces and, as 
' can be seen from Fig. 1, where the line pt is the 
radius of curvature, the 20-degree form has the 
larger value. In addition, this larger radius of 
curvature helps the third condition of failure by 
distributing the pressure on the lubricant film over 
- alarger contact area, thus making it easier to main- 
tain this film unbroken. 


The only advantage that the 14%-degree form 
does have over the 20-degree is that there is less 
radial thrust or “separating force’’ between two 
gears. Far too much importance, however, is 
usually given to this advantage. Fig. 2 shows the 
force systems of the two types of gearing. While 
it is true that the radial force F, is comparatively 
larger in the 20-degree system it will be noted that 
the load on the shaft and consequently on the bear- 
ings, which is the important one in design con- 
siderations, is the resultant, F’,,, of this force and 
driving force F;, and that this resultant is very 
little greater in the 20-degree system. To be exact 
the resultant force is greater than the driving 




































of Fig. 2—Becring reaction in the 20-degree system 
a (lower) exceeds the driving force by only a negligible 
. amount more than in the 14\4-degree system 
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force by 3.3 per cent in the 14'%-degree and 6.8 
per cent in the 20-degree, a difference which is 
negligible. 

So far nothing has been said of the stub involute. 
This form is the same as the 20-degree full depth 
involute except that, as the name implies, a shorter 
tooth is used. This results in a tooth somewhat 
stronger in beam strength but decreases the wear- 
ing surface and also tends to reduce the contact 
ratio so that the action may not be as smooth. 

As yet only the various standard forms of gear- 
ing have been discussed. To aid in understanding 
the design of more special gears it may be well to 
review the fundamentals of involute gearing. A 
pair of gears is often thought of as analogous to 
two cylinders rolling against each other, their 


Nomenclature 


P= diametral pitch 
p= circular pitch, */P 
po= base pitch 
c= standard distance between mating gears, 
(N,+N.)/2P 
cr= running center distance 
g= pressure angle 
¢gr= running pressure angle, cos ¢;= 
(c/cr) Cos ¢% 
R,D= pitch radius, diameter 
Ro, Do= outside radius, diameter 
Ru, Du= undercut radius, diameter, cutting be- 
low which will produce undercut 
x= amount of involute profite removed by 
undercut 
Ri +2x2= radius to top of undercut 
= number of teeth in gear 
= backlash, inches 
imp= contact ratio 
y= radius of top of hob tooth 
j= increase in depth of cut to give back- 
lash, inches 
8= angular backlash 
h= depth of cut 


diameters being equal to the pitch diameters of 
the corresponding gears. For the involute tooth 
form, a more informative analogy may be de- 
veloped by considering two pulleys, with diameters 
equal to the base diameters of the corresponding 
gears, connected by means of a crossed belt. Fig. 
3 illustrates this concept. The two shafts have 
centers at O’ and O. The heavy circles are two 
pulleys and the crossed belt appears as the two 
straight lines tangent to these circles. If these 
pulleys are to be replaced by gears which will give 
the same speed ratio it can be seen that, by similar 
triangles, the pitch circles of the gears will pass 
through the point p where the two sides of the belt 
cross. Disks of cardboard are attached to the two 
pulleys and a pencil to the belt at point aa’ so 
that this pencil will draw on both disks. As one 
pulley drives the other through the belt, the pencil 
will draw curve a’ on the left-hand disk, and an- 
other curve a on the right-hand disk. 

As these curves are drawn on the disks by the 
wrapping or unwrapping action of the belt from 
the respective pulleys, they will be involute curves 
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Fig. 3—Diagram of crossed-belt analogy illustrates the 
effect on gear properties of changing running center 
distances of mating gears 










and, as can be seen, these curves would be satisfac- 
tory profiles for gear teeth. It can also be seen that 
wher the two curves are in contact, the point of 
tangency will always be along the line of the belt. 
This line in a pair of gears is called the line of 
action and the angle it makes with a perpendicu- 
lar to the line of centers is called the pressure 
angle, ¢. If now the distance between o and o’ is 
increased, lengthening the belt as necessary, the 
pencil will still draw the same involutes since the 
belt still has the same unwrapping action from the 
pulleys and the chief effect will be to increase the 
angle ¢. It will also be noticed that the pitch 
radii Op and O’p has been increased in the process, 
which shows an interesting fact about all involute 
gears—while the base circle is a fixed property of 
a given gear the pitch diameter and pressure angle 
are not. The relation between these three values’, 
as can be seen from Fig. 3, is 




















D cos ¢=D, 












1Subscripts 1 and 2 are used to distinguish between the 
same symbols applied to two gears of a pair. 

2In the following formulas, the involute function of @ 
(inv ¢) may be found tabulated in Buckingham’s Manual 
of Gear Design, Section I. It may also be calculated from 
the relationship, inv ¢ = tan @¢— arc @. 







Fig. 4—Involute is gen- 
erated by successive con- 
tact of a number of hob 
teeth in generating plane 











and for a pair of meshing gears 
Cc cos ¢=Rit+ Ro, 


Another effect of this separation of centers can 
be seen if another pencil is attached to the other 
Straight portion of the belt at point bp’. At the 
original centers this pencil will also draw in- 
volutes. If the centers are separated, the belt 
being suitably lengthened between the two pencils, 
the same curves will be drawn on the disks but 
they will be spaced apart by the amount the belt 
was lengthened. In gears then, increasing the 
center distances over the standard value will result 
in increased backlash, that is, in an increased dis- 
tance between nondriving faces of the mating gear 
teeth. Or, to rephrase this definition, backlash is 
the thickness of a feeler gage that will just fit 
between nondriving faces on the mating gear 
teeth. The formula*® for backlash produced by in- 
creasing the center distance between standard 
gears is: 


b= 2c, cos ¢, (inv ¢,—inv ¢) 
=2(Riit Ri.) (inv -—inv ¢) 


If, as mentioned in the foregoing, the pitch 
circle is not a fixed property of a given gear, what 
becomes of the circular pitch, that is, the distance 
along the pitch circle between similar faces of 
successive teeth? This, too, must vary with the 
pitch circle. However, considering this next tooth 
face as drawn by another pencil fixed at c to the 
same portion of the belt as aa’, it is evident that 
this pencil will remain a fixed distance from aa’ 
as the belt travels from one pulley to another. 
This distance ac is called the base pitch and is a 
fixed property of the gear and of any gear that 
will mate with it. 

Another term that has been used previously 
without definition is “contact ratio.” Looking at 
the crossed belt diagram, Fig. 3, it will be noticed 
that there can be no contact between the curves 
except on that proportion of the line of action 
which lies on both disks. If the length of this 
portion were exactly equal to the base pitch one 
tooth would make contact with a tooth of the 
mating gear just as the preceding tooth lost con- 
tact, and thus would have a contact ratio of 1. 
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Contact ratio, then, is the ratio of the length of 
the line of action to the base pitch. While correct 
gear action will be obtained with any contact ratio 
of 1 or over, it is generally considered desirable 
to maintain a ratio of better than 1.4 for smooth 
and quiet gear action. The formula*® for contact 


ratio is 


length of line of action 
me base pitch 





P, 


VRot—Rot+VRoi— Rute sin ¢ (49) 


P cos ¢ 


When undercut is present it may further reduce 
the contact ratio if the radius to the top of the 
undercut intersects the line of action inside the 
outside diameter of the mating gear. If this condi- 
tion is present in only one gear, the contact ratio 
depends on this gear alone and is equal to 





m,= 


VR? Re—V (Ry+x)?—R? 
P, 


_VRe—Ri—V2Rix+x° 


If the condition is present in both gears the contact 
ratio becomes 


_esin ¢—V (Rutx1)*—Rot— V (Rie+x2)?— Ris? 
OF 8 te Aridi dC ni 
P, 


In any given case, the lowest of the three values is 
the correct contact ratio and should be used in 
determining this index to gear action. 


If the number of teeth in a gear is allowed to 
increase indefinitely, the limiting form is a rack. 
The limiting form of the involute tooth profile at 
the same time becomes a straight line perpendic- 
ular to the line of action. As the line of action 
must always be perpendicular to the tooth profile 
the pressure angle of a rack is fixed and conse- 
quently the circular pitch is also fixed. There- 
fore, by a gear with a given pressure angle and 
circular or diametral pitch, is meant one which 
will run with a rack of this pressure angle and 
pitch. When the center of the gear is moved away 
from the rack, as indicated, the pressure angle can- 
not.change and the pitch diameter remains the 
Same, the pitch line of the rack moving outward 
with the gear. 


Having a rack that will run with a given system 
of gears, it should be possible to use this rack to 
8enerate new gears of this system. Hobbing, the 





the umber in parenthesis beside a formula indicates that 
ormula is taken from Buckingham’s Manual of Gear 
not oth tion 2 and is so numbered therein. Formulas 
erwise credited have been derived by the author. 
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Fig. 5—Stronger tooth profile and larger proportion of 
working surface result from cutting 12 teeth on a 13- 
tooth gear blank 


method of accomplishing this, is illustrated in Fig. 
4. 

Whereas the base pitch, tooth shape, pressure 
angle and circular pitch are fixed in the basic rack, 
as has been seen by the crossed belt analogy, they 
are not fixed in the gear generated from it. Fig. 5 / 
shows, on the left, the tooth of a standard 20-de- } 
gree, twelve-tooth pinion, and on the right, the 

: 
| 





tooth of a special twelve-tooth pinion cut with a 
standard 20-degree hob, but having the outside 
diameter of a thirteen-tooth pinion. Between the 
two gear teeth can be seen the form of the stand- 
ard 20-degree rack. It may be assumed that this 
rack is the outline of the hob generating the left- 
hand pinion. Therefore, at the most, only three- 
quarters of the tooth face is useful for gear action, 
the remainder being below the base circle of the 
involute and therefore useless. In addition, it will 
be noted that the top of the working face of the 
hob tooth cuts the base circle beyond the point of 


(Continued on Page 142) 


GEAR SHAPER 
CUTTER 


Fig. 6—Reciprocating cutter has same shape as a 
pinion of the system to be cut. Blank and cutter rotate 
in opposite directions 





Fig. 1—Machine for die Cast. 
ing aluminum alloy for gir. 
plane parts, machine gun 
parts, fuse casings on shells 
and bomb tails 
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ANUALLY operated pilot 

valves, mechanically inter- 

locked, actuate two four-way 
valves, hydraulically interlocked, to 
effect simple and efficient control of 
a die-casting machine. To produce a 
desirable product in this type of ma- 
chine two high pressures are in- 
volved, one to hold the die together 
and the other to force the metal into 
the closed die. These operations are 
each controlled by their correspond- 
ing pilot and four-way valves. 


Speed of operation and pressures 
involved demand substantial con- 
struction. For this reason the ma- 
chine shown in Fig. 1 for die casting 
aluminum alloys is fabricated of 
heavy plate, flame cut and welded. 
Die platens are 5 to 6 inches thick Fig. 2 — Above — Die- 
and the linkage system for closing the dies 3% closing linkage oper- 
to 4 inches thick, also flame cut from plate. Four ates fast and with high 
adjustable tie bars for accommodating various pressure. Stop bar 
dies run through the machine and are 4-inch minimizes stresses on 
diameter, SAE 1045. closed linkage 


Design of the linkage system schematically 
illustrated in Fig. 2 gives a closing pressure of 
approximately %-million pounds obtained from 
an hydraulic pressure system of about 300 
pounds against the actuating mechanism. Ar- 
rangement of the linkage as shown in the illus- 
tration provides a fast-closing speed diminish- 
ing at the end of the stroke to build up a sub- 
stantial closing pressure. Because the use of 
shoes or lugs in the linkage for over-center stops would build up excessive 
pressures and cause high shear stresses on the pins, a stop bar is employed 
as shown to close against the movable platen, thus providing positive clos- 
ing without high stresses. Linkage in the open position is shown in Fig. 3. 

Hardened steel bushings with extra wall thickness are used on the link- 
age system to prevent any distortion from the extreme pressures. Link 
pins are chrome-moly alloy having a hard surface and a soft core. The 
piston rods and plunger rods are high-carbon-chrome-moly steel to prevent 


Die Closing 


Fig. 3 — Right — Die- 
closing end with link- 
age in open position 


110 








ie cast. 
for Gir. 


© om 
Shells 


> Qi Simplifies Casting Machine 


By J. J. Rose 


Chief Engineer 
G & N. Mfg. Co. 


buckling or breaking from the 
hydraulic pressure. To provide 
bearing surfaces on the movable 
platen and crosshead, centrif- 
ugally cast bronze bushings are 
utilized. Cold-drawn seamless 
tubing having a wall thickness 
of one inch comprises the hy- 
draulic cylinder for which the 
ends are flame cut from SAE 
1045 plate. 

Shown schematically in Fig. 4 
is the injector mechanism for 
forcing molten aluminum alloy 
into the closed mold. The in- 
jector is shown in the forward 
position after having been used 
to “bump” the gate to loosen the 
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Fig. 4—Above—Injector unit showing feed port, method 
of watercooling and nitralloy tip 
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solidified casting. After return of the plunger rod 
molten aluminum is fed in the port hole shown and 
injected into the casting chamber by the forward 
movement of the plunger rod. Because aluminum 
has an affinity for iron the plunger tip and plunger 
sleeve are nitralloy. Plunger rod is watercooled 
by copper tubing and nitralloy tip serves as a water 
jacket for maximum cooling effect on end of 
plunger. Plunger rod, piston rod and piston are 
high-carbon-chrome-moly steel and the hydraulic 
cylinder is cold-drawn seamless tubing similar to 
die closing cylinder. Tubing has a wall thickness 
of one inch. 

Because the machine requires constant attention 
for loading and operating, manual controls, Fig. 5, 
are indicated. A hydraulic pump of the two-stage 
type furnishes pressure for both the die-closing and 
shot mechanisms. The schematic diagram in Fig. 
6 shows the primary hydraulic system with a pres- 
sure accumulator. For simplicity the pilot con- 
trol system is not shown. This pilot is manually 
operated from the valve levers shown in Fig. 5 
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which position the four-way valves for the die- 
closing and injector cylinders. The valve con- 
trolling the shot piston has five ports and is con- 
nected to the accumulator bottle. Accumulator has 
an inert atmosphere of nitrogen and assures a uni- 
form pressure throughout the shot-piston stroke. 
This nitrogen cushion also intensifies the speed of 
the shot. 

To prevent reverse flow in pressure line dur- 
ing the injection cycle, a check valve is used in the 
main pressure line. The hydraulic system is all- 
welded pipe construction wherever possible to re- 
duce friction and to give greater efficiency to the 
machine. 

Hot metal end of the machine may be converted 
readily into a zinc, tin or lead machine by replac- 
ing the end assembly with a shot cylinder and 
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Fig. 5 — Above — Pilot 
control valves have in- 
terlocks to prevent oper- 
ation in wrong order 






Fig. 6 — Right — Hy- 
draulic system for die- 
closing and injection 
operations. Position of 
four-way valves is con- 
trolled by pilot system 
not shown 





Pressure Line 





metal pot unit. For zinc, tin or lead alloys inter- 
locks are provided to protect the operator against 
danger of being burned with molten metal shoulg 
he operate the wrong valve. For instance, in Fig. 5 
the mechanical interlock shown on the valve pre- 
vents operation of the shot piston unless the dies 
are closed. Another interlock is also provided ang 
is shown in Fig. 3 above the linkage mechanism, 
A hydraulic valve is in series with shot-piston valye 
and will not allow the latter to be operated unless 
the die is closed, depressing a plunger on the Safety 
valve by means of a pin on the die-closing mech- 
anism. 

An additional check valve is utilized when cast. 
ing zinc, tin or lead. It provides a return vacuum 
action of the shot plunger, permitting instant open- 
ing of the die mechanism without any danger of 
pucking. 

Shot cylinder is extra heavy with flame-cut al- 
loy steel heads, the lower one of which is water. 
cooled. Gooseneck and shot-cylinder support are 
flame cut and welded plates, adjustable on three- 
inch threaded bars. Gooseneck and metal pot are 
cast low-chrome-nickel steel for corrosion and heat 
resistance and are removable without disturbing 
support. Nozzle is also cast of the same material. 
Burner for heating pot has a three-inch blower, 
proportionate mixer and temperature-control mo- 
tor, all mounted on the base to provide accessibility 
for maintenance. 

Careful alignment, rigidity and elimination of 
bolted construction contribute toward maintaining 
high pressure on dies during injection of molten 
metal. Thus it is possible to produce a satisfac- 
torily dense casting with a minimum of flash which 
requires trimming. 

For small simple castings without cores or com- 
plex parts and using automatic ejection it is pos- 
sible to operate the machine at a speed of 600 
cycles per hour. For larger and more complex 
castings the rate may go as low as 15 cycles per 
hour. 
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with Solenoids 


By D. K. Frost 


Electrical Engineer 
Mattison Machine Works 






N PERFORMING or controlling machine operations 
solenoids usually are remotely controlled by the closing 
of pushbutton contacts or a pilot device such as a limit 
Switch, float switch, thermostat, timer or pressure switch. 
Solenoids are, therefore, definitely tied in with so-called 
| €quence or automatic cycle controls now being used: exten- 
 Sively to speed production in aircraft and other war equip- 
Ment plants. 
ES It is impossible to design solenoids to meet all require- 
c ents. But, if a problem is approached with the realization 
that it is not only important but necessary to select solenoids 
Whose specifications exactly fit the load requirements, there 
should be no difficulty encountered as far as adaptability is 
concerned. 
There are other considerations, however, which complicate 
‘ the problem. These lie in the fact that solenoids often do not 
_ ®njoy immunity from surrounding conditions such as oily 
Vapor, moisture, metallic dust and mechanical injury. Sole- 
used in magnetic switches and relays are commonly 
mounted in enclosing cases or panels with semi-dust-tight 
enclosures and have attention from maintenance crews. On 
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Fig. 1 — Solenoids 
accurately control 
cutters on woodwork- 
ing machine operat- 
ing at 120 feet per 
minute with 40 
cutting operations 


Speeded 














Fig. 2—Typical solenoid units ranging in 
size from .6-pound pull to 5 pounds 


the other hand, solenoids for remote 
control of valves, for instance, must be 
placed close to the part they operate. 
In these locations they are subject to 
adverse conditions and unless properly 
protected may deteriorate and cause 
trouble. Most solenoids, however, are 
wound with wire having impregnated 
and baked insulation which is not af- 
fected by oily vapor. As a factor of 
safety, solenoids for machine tool ap- 
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plications should be capable of being immersed in 
oil without causing any damage to the solenoid 
unit. 

Solenoids should be mechanically strong and all 
parts subject to wear should be of material capable 
of withstanding continuous service after millions 
of operating strokes. Magnet laminations should 
be supported by heavy side pieces and firmly riveted 
with solid steel rivets, with a sufficiently large 
factor of safety to withstand the continuous ham- 
mer blows of the plunger. Typical units are shown 
in Fig. 2. The smallest unit, at the left, is capable 
of a 6-pound push or pull at %-inch stroke, where- 
as the unit in the middle is capable of a one- 
pound pull or push with a one-inch stroke and 


Fig. 3—Heavy-duty solenoid is required where motor as 
well as cutter is moved 


the solenoid at the right delivers five pounds with 
a one-inch stroke. 

The plunger which travels through the center of 
the coil is generally an inverted 7 construction 
similar to a hammer head. It is provided with 
a hole to which a linkage may be connected for 
pulling or pushing action. This linkage and the 
hole through the hammer head in the pull type 
or the hole for the connections to the upper part 
of the plunger for the push type Have been sources 
of trouble from wear or from binding due to mis- 
alignment. More favorable results can be obtained 
by obviating this linkage and using push-type sole- 
noids with a retroacting spring on the device to 
return the plunger to its original position after the 
power stroke has been completed. Also, by de- 
creasing the length of stroke by fifty per cent, the 
number of operations per minute may be increased 
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as much as three to four times without Overload. 
ing the unit. 

In modern control, speedy operation of solenoigs 
as well as relays and switches is important. Where 
any slight delay in dropping out might result in 
faulty operation, an additional pull out magnet 
may be necessary. Solenoids must not Only operate 
quickly, but also consistently so that when the 
cycle is once set up it will repeat time after time 
with unfailing accuracy. For instance, in Passing 
from rapid approach to cutting speeds, if the fas 
traverse speed is high and the cutting speed slow 
it is apparent at once that the point of cutting 
down the speed must be accurate since too much 
time would be lost with any appreciable space or 
time in approaching the work at slow cutting 
speed. It will be found that the space allowed on 
most automatic cycle machines is so close in this 
respect that no appreciable time is lost; however, 
special means of obtaining this accuracy must be 
supplied in each case. 


Capable of Fast Operation 


An extremely fast solenoid-controlled machine 
is shown in Fig. 1. Window and screen sash is 
fed into this machine by a hopper at a rate of 
120 feet per minute. There are two cutters, one 
vertical and one horizontal which operate on each 
piece as it passes. At 120 feet per minute there 
are about 40 cycles or pieces per minute. The 
cut made is about %-inch wide by %-inch deep 
and 3 to 4 inches long and must be in the same 
location on each piece. This is accomplished on 
runs of many thousands of feet with no appreciable 
variation. 

When the feed rate was stepped up to 180 feet 
per minute or at the rate of a cut each second, 
some slight variation was found. On still faster 
numbers of operations the variation was still more 
apparent and unquestionably was caused by the 
fact that in alternating current the solenoid may 
take 5 cycles to close on one operation and 5% 
cycles on the next as the impulse from the pilot 
limit switch might come at the moment when the 
voltage was at or near zero in the alternating-cur- 
rent cycle. 

In Fig. 3 is shown a similar machine but where 
the motor as well as the cutter is moved up and 
down instead of the spindle and cutter only. With 
the increased inertia it is impossible to obtain high 
rapidity of operation from the large solenoid lift- 
ing the weight of the motor. Operation of this 
machine, however; need not be more than 50 or 60 
feet per minute. Where extreme rapidity of opera: 
tion is required it is necessary to reduce the weight 
and inertia to the smallest allowable amount for 
dependable operation. 

By carefully designing applications and recog 
nizing the limitations of solenoids it is possible to 
obtain satisfactory and trouble-free operation, as 
with other types of electrical equipment. 
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Mower Drive 


By Einar Jacobsen 


Vice President 
Jacobsen Mfg. Co. 


ACHINES and mechanical equipment such 
as the power lawn mower discussed herein, 
which are by no means certain to receive 
proper care and maintenance, require a maximum 
of attention to sturdiness and reliability in their 
design. These features combined with relatively 








Is Designed 


for Minimum Maintenance 


VOTED to drives and controls de- 
veloped by machine designers in 
various fields, the accompanying articles 
are representative of the ingenuity exer- 
cised by engineers in these difficult times. 
Methods of incorporating commercial 
drive and control elements into machines, 
as discussed in the several articles, should 
be of broad interest to the profession 
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the torque to the differential case and thence 
through the bevel gears to the traction shaft, 
which rotates inside the tube. This shaft is divided 
into two parts extending to each side of the mower 
from the differential. The farther end of each 
is mounted on enclosed ball bearings in the mower 
side-frames. The final drive to the _ traction 
wheels is again by means of sprockets and chains, 
all-enclosed and operating in an oilbath. 

Mounted integrally with the differential case is 
the reel drive-sprocket and clutch. The sprocket 
normally floats on a bronze bearing on the dif- 
ferential case when the clutch is disengaged. A 
sliding collar, keyed to the differential case, and 
having driving pins to engage in holes in the reel 


chine high-speed operation of some of the components 
sh is 
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ilot 
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ur- make the drive problem involved an intriguing 

one, 
ere This drive features the arrangement of two 
ind Separate drives, each with its own independently 
ith operated clutch, about a common driveshaft and, 
igh in addition, having a fully enclosed bevel gear 
ft- differential for the traction drive. 
his Power is derived from a one-horsepower two- 
60 cycle horizontal engine driving, by chain, the trac- 
ra- tion shaft sprocket. This sprocket is also the 
nt driving plate of the traction clutch, the power 
or being transmitted through a friction disk on each 

Side of the sprocket. The clutch itself is actuated 
eB by means of a spool engaging two spring-steel 
to fingers or levers, providing a resilient engagement 
as of the sliding clutch plate. The stationary clutch 


Plate is keyed to a drive tube which transmits 
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sprocket, provides the means of transmitting the 
drive to the sprocket and thence by chain to the 
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cutter reel. The schematic diagram indicates the 
general arrangement of sprockets and chains used 
in the entire drive. 

Spring-finger engagement of the traction clutch 


not only provides resilience, but eliminates : 
need for critical adjustment as would be the cage q 
with solid levers. The collar supporting thes 
fingers is adjustable for take-up. 


Utilizes Standard Drive Units 


John V. Davis 


Chief Engineer 
The Udylite Corp. 


OR broad diversification of its problems the 
design of the drives and controls for the 
automatic electroplating equipment illustrated 

has few equals. Not only are the usual problems 
of prime mover, power transmission, bearings, etc., 
to be coped with but also the chemical and electro- 
chemical processes pose many difficulties for the 
engineer. Not least among these are corrosive 
attack and the isolation of stray electric currents. 
As is evident from the illustration the drive 


design is exceedingly straight-forward. N 

for tilting the banks of perforated chambers into 
and out of the solution dictated the mounting of 
the rack or frame on horizontally pivoted joints, 
Two air or hydraulic cylinders are then used to pro- 
vide the necessary power. Control and timing is 
achieved by solenoid valves, operated through a 
timer relay. 

Rotation of the perforated chambers about their 
own axis is also necessary in order to induce uni- 
form exposure to the electrolyte as well as to 
expedite draining when lifted from the bath. This 
is accomplished simply and effectively by mounting 
an electric motor directly on the oscillating frame. 
Thence power is transmitted via V-belts through 
a pair of gear reducers to two roller chain 
sprockets, one for each’ bank of chambers. Around 
the periphery of the neck of each chamber is a 
sprocket in permanent engagement with, and 
driven by, the roller chain. As may be observed 
from the illustration, idler sprockets are interposed 
at intervals along the chain to maintain an ade- 
quate angle of contact between the chain and the 
chamber sprockets. 

Possibility of pitting of the bearings as a result 
of stray electric currents must be eliminated. 
First, every effort has been made to anticipate 
possible current paths and direct them away from 
bearings. Because of the magnitude of the cur- 
rents involved as well as the reverse polarity of 
the cleaning solutions, this is not always feasible. 
Therefore, as large bearing areas as possible are 
selected in order to reduce to a minimum the cur- 
rent density across any bearing surface. 


Crusher Poses Severe Drive Problems 


By Homer W. Riley 


Chief Engineer 
McNally Pittsburg Co. 


NLIKE some crushing problems, coal crush- 
ing demands “size” production, i.e., the 
breaking of the feed to as near a certain 

size as it is possible. These sizes vary greatly 
from job to job, dependent on market demand. 
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Since coal may be extremely hard or soft, tough 
or brittle, and possessed of varying degrees of 
friability, the design of the crusher used is 
important. This is especially true when it is know? 
that “fines,” or coal that is too small to sell, 
“oversize,” that which is larger than spec 
determine to a great extent the profit accruing 
(Continued on Page 154) 
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Fig. 1 — Appear- 
ance, compactness 
and light weight 
are essential to 
portable machines 
like projectors 





Fitting Miniature Motors 
To the Job | 


By Vaughn H. Hardy 


Delco Appliance Division 


MALL fractional-horsepower motors often must be de- 

signed for a particular application. Unlike the larger 

size motors, there are no set NEMA dimensions and, 
more often than not, the dimensions of the motor must fit 
a definite space. This means that for such applications the 
motor is really tailor-made. 

Thus, before specifying a motor, the designer must take 
into consideration all the facts involved. Some of the more 
pertinent of these are power and speed required, size and 
weight limitations, ambient surroundings, desired efficiency, 









Horsepower 










Fig. 2—Left—Characteristics of series- 
wound, six-volt, direct-current motor for 
individual defrosters 
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PM ae Fig. 3—Above—Series-wound, _ six-volt, 
vIm Peres direct-current blower motor for underseat 
heater develops high starting torque 
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and approximate yearly volume. In discussing ap- 
plications such as Fig. 1, later in the article, the 
importance of these various items will be brought 
out. 

Probably the largest volume of all small mo- 
tors has gone into automobile defrosters and car 
heaters. Because of this fact and the necessity 
for a low-cost motor, a particular type of construc- 
tion was evolved. Each motor is purposely de- 
signed to give the required power at low cost. All 
parts, including cases, must be inexpensive and 
are, therefore, usually stampings and screw ma- 
machine parts. The motors must be easy to as- 
semble because they are put together on a high 
volume assembly line by specialized machinery. 
In making this type of motor, the engineer is not 
hampered in his original design by tool costs, as 
these will be spread over a large volume. How- 
ever, once the motor is in production, because of 
the large investment in specialized machinery and 
tools, only minor changes can be made. Charac- 
teristics of these motors are shown in Figs. 2 and 3. 

There are also many limitations on the design: 
Size of the motor must be kept a minimum, espe- 
cially if for the dash heater and defroster; motor 
noise also must be as low as possible; ambient 
temperature is important since temperatures from 
—30 to 180 degrees Fahr. are often encountered. 

Because of the desire for speed regulation by re- 
sistors, as well as high starting torque for cold 
weather, these motors are limited to series wound. 
With the advent of the underseat heater and the 
fresh air ventilators where the motor is exposed 
to the weather and dirt, special protection is pro- 
vided. 

Another application which has become impor- 
tant is the window raising and lowering motor. 
This same type of motor is also used on the con- 
vertible top lift mechanism. The motor delivers 
high torque and power for its size but its runs 
are intermittent and of short duration. Thus, by 
pushing the power output far beyond the ordinary, 
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Fig. 4— Left — Shunt-woung 
twelve - volt, direct. Current 
motor for transcontinenig) 

bus air conditioning units 


Fig. 5—Below—Special built. 
in series motor applied to 
radio tuning unit 





the motor develops about seven times its normal 
continuous rating. 

An example of a different type of application is 
a bus ventilating fan motor used for air condition- 
ing purposes. In this instance the question of long 
life becomes paramount as the fan motor is in 
use continuously. These motors are usually inac- 
cessible. Thus, all efforts are bent to insure re- 
liability and long life. In modern quiet buses noise 
level is becoming an important factor also. This 
requires close bearing alignment, quiet brushes 
and careful balance. Characteristics of the motor 
are shown in Fig. 4. 

Automobile radios require a special type of mo- 
tor to operate the tuning mechanism. Because the 
motor is enclosed in the radio housing, it can be 
of open-type construction. Since space and cost 
are also of prime importance, the motor is made 
up of stamped brackets for the frame with a solid 
pole piece. In this motor Fig. 5, the frames are 
staked together and the pole piece is resistance 
welded in place. 

Another small motor application is in moving 
picture projectors for amateur use. Since variable 
speed is desirable, as well as universal operation, 
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and weight or where good appearance is essential. 
Whether the gearing is an enclosed or open type 
depends on the conditions to be met as well as the | 
type of gears and the type of motor. 

Small blowers as in Fig. 7 are another applica- 
tion where these motors are used extensively. Both | 
alternating and direct current are employed, so 
that these motors must be made interchangeable. 
For alternating current a small two-pole, shaded- 
pole motor is used, while for direct current a series 
motor is employed. These motors have extra-large 
oil reservoirs, as long life is important. For spe- 
cially long life, with low wattage consumption, con- 
denser motors with sealed ball bearings are neces- 
sary. These are used on small domestic oil heaters 
where the motor is required to run almost continu- 








n- a series motor is necessarily used. In cases where ; 

1g the motor is exposed appearance becomes impor- — sa 

in tant and a die-cast case is used as in Fig. 1. In High-speed hand tools present additional prob- 
other instances the motor is built in as part of (Continued on Page 150) 

e- the mechanism and the motor manufacturer sup- 

e plies only the parts. Motor size and weight are Fig. 8—Split-phase motor characteristics for domestic 

s important because the projectors must be light and oil burner application. Locked rotor torque is .88 to 

S compact for easy portability. Noise level of the 96 th -ft, moxinam ompeces 18:8 

r motor also must be low. Characteristics of a small 


universal motor are shown in Fig. 6, for torque, 
- horsepower and amperes plotted against revolu- 
3 tions per minute. 
2 Small gear-reduction motors have such a variety 
t of applications that they cannot be fully covered 
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used in the hydraulic circuit 


Below—Equipped with a ten-station automatic dial 
feed, Thompson-Gibb automatic shell welder is pow- 
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idle drive gear box of Reed-Prentice vertical milling ma- 
Mounted on cross slide and provides nine speed changes 
y only one lever. A second lever, varying the displace- 
ic motor, controls the feed and rapid traverse of 

K table. Cross slide is also hydraulically operated 
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Applying Hydraulic Servo 


Circuits in Machines 


By Christian E. Grosser 


N AN earlier article on hydraulic servo design 
in the January, 1941 issue, the fundamental 
principles underlying servo operation in gen- 

eral, and the application of hydraulic equipment 
to servos, were discussed briefly. In addition a 
simple pressure-controlled hydraulic servo type 
was described, a method proposed for predicting 
the response of a given design to signal, and rec- 
ommendations made for minimizing errors of lag 
and oscillation. 

This article presents a specific application of 

such a pressure-controlled servo. Reasonable pro- 


portions and load conditions are assumed and de- 
tailed calculations presented which follow the 
aforementioned method of analysis of response. 
Quantitative results are shown in curve form for 
a ready appreciation of the response characteristic, 
together with the variations in hydraulic pres 
sures and velocities occurring in the circuit. 

The application considered is a steering booster 
for use on heavy vehicles where the forces neces 
sary to move the conventional mechanical steer 


Fig. 1—Top—Two positions of signal shaft, correspond- 
ing to displacements of steering wheel, illustrate flow 
of oil through control valve 
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ing gear are SO large as to necessitate great effort 
onthe part of the operator. 

The booster acts to amplify a small effort so that 
precise contro! is obtained. The servo, or booster, 
responds instantaneously, by moving the load 
against large friction forces, in correspondence 
with the operator-controlled signal. Exactness of 
the response to the control movement in a typical 
© design of booster will be the chief subject of the 
q discussion. 

Fig. 1 shows in diagrammatic form the essen- 
© tial elements of the booster mechanism. In the 
> actual installation the piston rod of the power cyl- 
inder is attached to the frame of the vehicle, the 
cylinder body is jointed to the drag link of the 
front axle steering gear, and the signal shaft is 


TABLE I 


Integration of Equation 2 
ee 


Vave, 
(in. / 
sec.) 


Ax Xo Vn t t 


(secs.) (secs. ) 
0 


(in.) (in.) (in. ) 


(in. ) 
0 2 


.2500 
.0625 
.0625 
.0470 
.1095 
.0350 
-1445 
-0265 
-1710 
.0200 


.0123 
10.20 
11.75 
13.30 
14.20 
15.10 
15.60 
16.10 
16.35 
16.60 
16.71 
16.81 
16.76 
16.70 
16.35 


-0123 

-0123 
.0040 

-0163 


-0188 
-0205 
-0217 
-0009 
-0226 
-00066 .00063 


0232 
0236 


-1910 

.0150 
-2060 

-0110 
-2170 
-2225 
-2280 


0110 .00067 .00066 . 


jointed to the pitman arm actuated by the steering 

column. The drawing shows two positions of the 

signal shaft corresponding to displacements of the 
steering wheel, and illustrates the flow of oil 
through the control valve and the corresponding 
application of oil pressures to the operating cyl- 
inder in the directions to cause the cylinders and 
front wheels to follow up the motion of the signal 
shaft. Oil pressure is supplied to the booster 
through the line marked P,, leading from a con- 
stant pressure source—usually an engine-driven 
pump in series with some means of maintaining 
constant pressure such as a relief valve. The line 
marked P,, returns the oil to the pump reservoir. 

The following typical proportions for the servo 
are assumed and calculations made of the time of 
responce to a suddenly applied displac- 
ement of the shaft: 

Area (smaller of two sides) of servo 
piston=@m=5 square inches; dif- 
ference in effective areas (@m and 
dm') of the two sides of the piston 
will be neglected, since it unnecessar- 
ily complicates the equations of con- 
tinuity; and the error, resulting from 
the assumption that both areas are 
equal (if the piston rod is small com- 
pared to the piston) in the calcula- 
tion of the transient, is negligible. 


Area of the supply and return lines 

and passages = a, — .292 square inches 
Total length of supply and return lines 
.. =—L=400 pipe diameters = 400d 
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Fig. 2—Above—One-quarter-inch displacement of the 
signal shaft results in instantaneous response of the 


system, evidenced by full-open valve ports 
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Fig. 3—Below—Opening of replenishing valve serves 
to keep driving side of cylinder filled with oil 
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Resisting force of front wheels on drag 
link =500 pounds 


Inertia of front wheel and attached 
parts referred to the end of the drag 
link = 1500/g slugs 


Number of contractions and enlarge- 
ments in the complete circuit from 
the source of supply pressure to 
reservior = n=10 


Energy loss coefficient (average) for 
contraction or enlargement in circuit 
== 30 

Constant supply pressure = Ps=—800 
pounds per square inch (gage) 


Return pressure (atmospheric) = P:=0 
pounds per square inch (gage) 


Friction factor for pipe flow=f=.04 

Density of oil =p = (62.4 X .9) /32.2 slugs 
per cubic foot 

Coefficient of discharge of the valve 
orifices = Ca= .6 

Full open area of each valve orifice 
= @o(max) =a 

Length of each full open valve orifice 
= %o(max) =.25-inch 


Length of valve lands=.25-inch 


As an index to the performance of 
this particular design in responding to 
signal displacements, it will be ob- 
served how it reacts to an instantane- 


TABLE II 
Integration of Equation 9 


x 
Vin Vavg At t y P, P, F 
- (secs.) (secs.) (secs. ) (psi.) (psi.) (Ibs.) 
in : 
16.35 .00067 .00066 .0236 5.951 4 796 4480 
16.20 .00031 .00032 ‘ O 1870 —9g56 

15.95 E 

15.60 .00019 .00019 . 
15.25 .0241 11.651 
15.00 .00013 .00013 12.831 
14.75 .0242 14.301 


2440 —12709 
2710 —14050 
2890 —14959 
3110 —16050 


TABLE ‘II 


Calculations in Vicinity of Dead Center 


x 
xj Ax Xy Vin ave At t Y P, P, 
(in. / 
(in.) (in.) (in.) sec.) (secs.) (secs.) (secs. ) psi.) (psi.) 
.2325 .0175 14.75 .0242 14. 30 0 

.0175 .00148 0 
.2500 8.88 .0257 0 
-0050 .00066 

.2550 6.28 
.0010 00017 

.2560 .0060 5.62 


.0264 86.50 0 
.0266 60.10 0 2700 


ously applied change in position of the signal shaft equal to .25- 
inch, the signal being held stationary after the .25-inch displace- 
ment. This is illustrated in Fig. 2, showing the valve ports in 
the full-open position at the instant following displacement of 
the signal. Full pressure is immediately transmitted to the left 
chamber of the work cylinder, which begins to move in the diree- 
tion to catch up with the signal. The valve ports will of course 
begin to close (and commence throttling of the oil) as the cyl- 
inder changes position in response to servo signal—in the same 
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Fig. 4—Above—When the back pressure of the return 
circuit exceeds 3200 pounds per square inch the relief 
valve opens, maintaining this pressure 


Fig. 5—Below—In combination with Fig. 4 are Ilkeston 
the limiting positions for normal operation of the relie 
valve, protecting against excessive pressures 
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amount as the movement of cylinder. 

As derived in the previous article, the differen- 
tial equation which describes the motion of the 
servo-motor (assuming a leakless piston and valve) 
is 


d (Um) 
aac 2b 
_ ——| f—+nK 
) a;? [+ + - 


(Sy) 


where v,, is the velocity of the servo-motor cyl- 
inder. 

Substituting the values of the equipment pro- 
portions and the other constants defined above, 
this becomes (values are converted to inch units) 





Fy 


am 


p 


(Pu—P: - ; 





2 
Ci 


a?’ 


a,” 


d()m) 
700 P= Com? 


d(Um) 





700 —| .291+.069( 


a;’ e 
eae 1 Um~ 
a* 


Integrating Equation 2 under the assumption 
that over a short interval of time the valve open- 
ing is constant (therefore C, the coefficient of v,,?, 
which is a function of the valve opening at any 
given instant of time, is also constant) gives 
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where ¢ is in seconds, and v,, in inches per second. 


Hence 
)-1 


TABLE IV 
Integration of Equation 11 
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Fig. 6—When the driving pressure falls below 3200 
pounds per square inch, deceleration is not constant 


in which .25/x, has been substituted for a,/a,, the 
ratio of full area of valve orifice opening to the 
orifice area at partial opening. The ratio is the 
same in both cases if the ports in the valve housing 
are rectangular in shape, which may, for top 
venience, be assumed in this case. The quantity 
Cv,,” in Equation 2 will be recognized as the total 
pressure drop due to pipe loss in the complete pipe 
and passage circuit, plus the throttling drop due to 
the two valve orifices. (C/2)v,,? is then equal to 
the drop on account of one-half the circuit, ie, 
from the pressure supply into the cylinder cham- 
ber, or equal to the drop from the other side of 
the servo-cylinder back to the reservoir of the 
pressure supply. 

At this point attention is called to TABLE I which 
is a tabulation of the data obtained in the step-by- 
step integration of Equation 2 over successive 
small intervals of time through the use of Equa 
tion 3. 

Headings used are defined as follows: 

i= Beginning of any given time interval; 
(then i--1 refers to the beginning of the 
next succeeding time interval) 
“e= difference in positions of signal and serve 
cylinder (called error) 
xi= distance traveled by the servo-cylinder 
from the time corrective motion begins 
Ag = distance moved by the servo-cylinder dur- 
ing a given small interval of time= 
Bil — 2 
X0= length of valve opening 
vi= velocity at the beginning of a given time 
interval (vijiis the velocity at the end 
of the same time interval) ; 
Vavg= average velocity over 4 gv 
en time interval—assumed 
to be the arithmetic mean 
of the velocities at begit 
ning and end 
small time interval calcu: 
lated necessary to traverse 
a given increment of dis 
Ax 
ar aa interval calcu 
lated by Equation 3 neces 
sary for the velocity change 
v «41 —v, to take place un- 
der the condition of the a 
ferential Equation 2. 


Repeated estimates must be made of 


Ax/Vavg= 
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Doing the unusual in aiding industry solve its many gear 
problems has placed the name **CINCINNATI GEARS” 
among the outstanding contributors to industrial progress. 


Quality .. Precision ... Performance are synonymous 
with Cincinnati Gears . . . always. 


THE CINCINNATI GEAR COMPANY 
“Gears... Good O77) Only” 
1825 Reading Road . Cincinnati, Ohio 
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V4,, at the end of an interval. When the esti- 
mated end velocity v;,, , in combination with the 
known velocity at the beginning of the interval v; 
yields the same time interval in the form A,/Va,, 
as when obtained by substitution in Equation 3, 
the velocity v;,, has been chosen correctly and 
the corresponding quantities may be entered in 
TABLE I. 

To illustrate the method of carrying through the 
integration over small time intervals, let the first 
interval 0 to 1 be considered. At iO (the begin- 
ning of the interval) the error x,—.2500-inch; dis- 
tance traveled x;—0; valve opening 7,2, maz) = 
.2500-inch; velocity of the servo-cylinder v,,—0; 
no time has elapsed, therefore t—0. Driving pres- 
sure P,=—=P,,—=800 pounds per square inch; retard- 
ing pressure P,—P,=0; and the not accelerating 
force 
F,.=(P,—P,)a,,—F,, = 800 « 5—500— 3500 pounds 

During the first time interval i—0 to i—1, it 
will be prescribed that the servo-cylinder shall re- 
cover A,=.0625-inch, which is then entered in 
TABLE I between i=0 and i=—1. This then fixes 
for the end of the interval (at i—1): «,—error 
=.1875-inch, x;—.0625, and valve opening x,—= 
.1875-inch. The servo-cylinder velocity v,,, at i=1 
must be determined by trial and error. Estimating 
that it will be 10.2 inches per second, the average 
velocity over the interval would then be 5.1 inches 
per second, and the time consumed during the in- 
terval would be A2/v,,.y~=.0625/5.1—.0123  sec- 
onds. This is temporarily recorded. To check the as- 
sumption of the end velocity, At is calculated by 
substituting in Equation 3 which gives the time 
necessary to change from the beginning velocity 
Vn g=O90 to v»,=10.2, under the accelerating force. 


Evaluated for Mean Value of Valve 


In substituting in Equation 3 it is necessary to 
evaluate C, which is considered constant over the 
time interval, i.e., it is evaluated for the mean 
value of the valve opening during the interval i—0 
to i=1, x,—.2188-inch. 

Evaluating C for the interval, gives 


2500 \? 
Cy1=.2914. 9| (Saar) - ]--312 
* +.069| (———-) -1 


Substituting in Equation 3 gives 


At= aa ( 10.2\/.312— 4/700 ) . 
v.312 10.2,/.312+4/700 








( 0./.312++/700 
04/.312—./700 


)|- .0123 seconds ....(7) 


which agrees. with the previous time determined 
necessary to traverse the distance. The assumed 
velocity v,,, was therefore correct and the rest of 
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the conditions at i=1 may be determined and ep. 
tered into TaBLE I. For instance, P,—800—(¢ /2) 
Um,?==796 pounds per square inch; and P.=(¢ /2) 
Um,°==4 pounds per square inch. F’, may be cal- 
culated from Equation 5. 

Some discretion must be exercised in specifying 
the distances Ax for which the time intervals are 
calculated. Generally speaking they should be 
roughly proportional to the amount of valve open- 
ing existing at the beginning of the interval. The 
accuracy of the step integration is not affected 
much by large steps taken when the orifice is large, 
but as it becomes small (valve nearly closed) the 
sensitivity to approximation increases rapidly, 


Repeat for Smaller Valve Movements 


The trial and error method of establishing suc. 
ceeding velocities is then repeated for successively 
smaller movements of the valve until the valve is 
closed off to the point where P, is observed to 
reach 0, ie., when (C/2)v,,2—800 pounds per 
square inch, which occurs at nearly station i=8a 
in TABLE I. 

With further closure of the valve the value of 
C/2 becomes larger and tends to reduce P, even 
lower, i.e., below atmospheric, and this will occur 
so long as (C/2)v,,2>>800 pounds per square inch. 

In order to keep the driving side of the cylinder 
filled with oil and to maintain a known pressure 
there, a replenishing valve R, will now be assumed 
to open, as in Fig. 3, which will maintain P,=0 so 
long as (C/2)v,,2>800 before dead center is 
reached. In the case of overshoot (travel beyond 
dead center of the valve) the replenishing valve 
can be counted on to keep P,=—0 so long as 
(C/2)v,,2>0, or, in other words, until the servo- 
cylinder comes to momentary rest at the maximum 
distance of overshoot. 

So long as P, remains constant at 0, Equation 2 
must be entered with different values than those 
used for TABLE I calculations, for the new effective 
pressures involved. Fig. 3 shows the conditions of 
flow. 


Drawing of Curves Recommended 


In order to anticipate the variations in pressure 
and velocity, it is recommended that curves be 
plotted of P,, P,, Vm, and x, against time ¢ as the 
calculations progress. They are shown in Figs. 7 
and 8 for the calculations in this case. 

Substituting in Equation 2 P,,=0 (in effect, it Is 
cancelled out) since P,—0; and further substitut- 
ing (C/2)v,? in place of Cv,,? since the variable 
pressure drop in the circuit is now confined to the 
return side, there results 

_ ton) 0 
—100- vn 


the solution of which is 
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“THIS HYDRAULIC 
CIRCUIT GIVES 
POSITIVE FEEDS -- 


NO TOOL 

JUMP” 
*This is what Gisholt Machine aut 
Company says about the JOHN ef SF 


S. BARNES hydraulic circuit in- : = 
stalled in all of their No. 12 =o 
Automatic Lathes. 


Gisholt Hydraulic 


Automatic Lathe Turns 
180 Pistons Per Hour 





@® Tooling set-up on Gisholt No. 12 Hydraulic Automatic Lathe. Finish 
turning and grooving is performed on 180 aluminum pistons per hour. 
Smooth hydraulic feed from a JOHN S. BARNES designed circuit as- 
sists in maintaining this production. 


Feed in Inches per Revolution 


In this hydraulic circuit the feed pumps are driven from a gear on 
the spindle. Feeds stop when spindle stops — saves tools. Feeds are 
in inches per revolution — not inches per minute. 


The traverse pump supplies oil at 35 lbs. per square inch pressure at 
the intake of the feed pumps. This insures a full and exact volume 
on each piston stroke. 


Standard Units For Your Special 


Circuits. The complete hydraulic circuit for this Gisholt Ma- 
chine has been designed to suit the specific functions of a production 
lathe. However, the pumps, valves and other basic hydraulic elements 
are from our standard line of time-tested units. 
YOU CAN BENEFIT IN TWO WAYS — By consulting our engineers 
for a hydraulic application you can benefit through their experience 
with complex circuits for unusual machine cycles. You can be assured 
of the final success of your machine design, and its successful oper- 
ation in production, through the use of standard Barnes units. Hun- 
dreds are in use in mass produc- 
tion equipment in all of our auto- 
motive industries. Maintenance costs 
are practically nil. For additional 
Presses, Electrotype Shavers, | data write for the booklet offered 
Coal Mining Machinery, 


Valves. below. 
/ EAADES 


FREE New Data: included in this «0 = / ff 
i 
Geral, 





Some present users: Manu- 
facturers of Machine Tools, 
Woodworking Machinery, 
Riveting Machinery, Printing 


















page book are typical installation circuits, com- 
plete data covering piston and gear pumps and 
complete information covering basic elements of 
construction and installation of standard units used 
in these highly successful hydraulic circuits. Write 
for your copy today. Ask for Bulletin M. D. 442. 


John §. Barnes Corporation 


DETROIT SALES OFFICE MAIN OFFICE 
AND FACTORY 
ROCKFORD, ILL. 


503 NEW CENTER BLOG. 
TR-1-1706 
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TABLE II represents the integration using Equa- 
tion 9 so long as P, remains 0, and until P,, builds 
up to 3200 pounds per square inch which is a 
reasonable limit to which to hold the cylinder for 
strength. 

At this point (when P, reaches 3200 pounds per 
square inch) a relief valve R; is presumed to blow 
and hold P,, to 3200 pounds per square inch so long 
as the back pressure of the return circuit > 3200 
pounds per square inch. Figs. 4 and 5 show such 
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Fig. 7—Response of the circuit to an instantaneous 
signal is practically complete in 1/40-second 


conditions which in this case occur from a point 
just before dead center until some distance beyond 
dead center. The calculations during this period 
are represented in TABLE III and simply consist of 
constant deceleration under the constant effective 
force F,=16,500 pounds. 

A constant check on P, as governed by the re- 
sistance of the return circuit, should be made dur- 
ing the calculations of TaBLE III. When P,, as 
calculated by the expression, (beyond dead center 
= 800+ (C/2)v,,? falls to less than 3200, the de- 
celeration is no longer constant. 

From this point on the differential equation is 


_d(Vm ) 2 at 3 ‘a _. (10) 
M 


ae 
— 800-100 — vn’ 


The solution of Equation 10 is 


C 900 


1 900 5 


which is applied until the cylinder comes prac 
tically to rest. TABLE IV shows the results. The 
conditions are shown in Fig. 6. 4 

Inspection of the transient shown in Fig. 7 indi- 
cates that response to the severe test of an instan- 
taneous signal is extremely rapid. Practically com- 
plete correction is made in 1/40 seconds and over 
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MU:-SWITCH IS 
5 WAYS BETTER 





BETTER because the reverse cross-action of the spring 
mechanism assures higher average contact pressure over 
entire operating cycle. The simple one-piece spring blade 
of beryllium copper is stressed only the very minimum 
that will assure rapid make and break. Thus, crystaliza- 
tion is checked, giving long life without loss of snap. 
Furthermore, to prevent spring distortion, a molded-in 
Stop abutment assures 100% freedom from excessive 
over-travel. 

BETTER because the movable contacts are two double- 
headed silver rivets—double electrolytically refined to 
99.95% purity. The use of two rivets reduces electrical 
erosion and mechanical wear, giving at least 100% more 
life than single contact construction. 

BETTER because the fixed contact plates are also of 
pure silver. This vastly improves the dissipation of heat. 
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1 156 long 
AN OFFER <un 
re —A cut-away sample Mu- 4% high 
witch for engineering use, together with 
complete technical data will be sent to any- 
one requesting it on company letterhead. 


Please tell us how you intend to use Mu- 
Switch. Write today. 


MU-SWITCH CORPORATION 
800 WASHINGTON sr., CANTON, MASS. 
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Solid silver is used for movable and ti.cd contacts at a 
cost to us 300% to 400% higher than veneer construction. 
This extra quality results in more than doubling the 
switch life. 

BETTER because knurled mounting inserts are molded 
directly into the high-grade bakelite case. This permits 
accurate machining to closer tolerances. Integra! parts 
are not dependent upon one another for support, being 
mounted rigidly on a fixed member—in all, a more rugged 
assembly. 

BETTER because of higher electrical rating. Under- 
writer's Laboratories rating of 2125 watts up to 460 
volts gives ample safety factor for nearly all uses. 
This rating is about 75% greater than that of other simi- 
lar switches. Also approved by Canadian Engineering 
Standards Assn. 






THE ORIGINAL + PATENTED 


beste gs PRECISION SWITCH 
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The many advantages of Mu-Switch include even 
more than those provided by the mechanical ex- 
cellence of the product. Great new productive 
capacity has been added through a huge plant 
expansion program. Mu-Switches for every pur- 
pose can be delivered promptly and in quantity. 
In addition, the friendly services of a large field 
engineering staff are available to help you get all 
the advantages that Mu-Switch can provide. 


(MU-SWITCH 
QUICK-ACTION + LIGHT PRESSURE 
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These machines are. representative examples of the 
wide variety of applications of Briggs & Stratton motors 


FLEXIBLE SHAFT 
GRINDERS 


ANDUSTRIAL TRUCKS 


cs a Se Soe Be 


“It's Powered Right 
y When it's Powered 
ex on by Briggs & Stratton” 
—— In the plants of hun- 
dreds of manufacturers where gasoline- 
powered machines, tools, and appliances 
are manufactured, the highly trained and 
skilled inspectors who put their “OK” on 
completed products readily grant their ap- 
proval of the power unit when they see it’s 
a Briggs & Stratton gasoline motor. 


Briggs & Stratton precision manufacture — 

tested quality and proven performance are 
well known and accepted wherever gasoline- 
powered equipment is manufactured. 


BRIGGS & STRATTON CORP., Milwaukee, Wis., U.S. A. 
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shoot and oscillation damped out. This design ap. 
pears to be quite satisfactory for the Purpose al. 
though the response to other types of Signals, such 
as a uniform velocity, might be checked also to ob- 
tain a more complete picture. 

In actual practice the relief and replenishing 
valves are not always used. Valve lands are often 
shaped and relieved to avoid the sharp cutoff ob- 
served in this case, with the consequent high pres. 
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Fig. 8—Supplementing the velocity curve in Fig. 7 
this curve illustrates force and pressure conditions asa 
function of time and resultant accelerating force 


sure rise. However, damping with a relieved valve 
land is liable to be considerably less effective and 
permit more overshoot and oscillation than ob- 
served in this case. 

A practical question is often raised as to the 
reliability of such a servo in a steering mechanism 
if the hydraulic pressure should fail. In case of 
pressure loss the signal shaft, attached to the pit 
man arm, bottoms against the cylinder housing be- 
yond a certain small error and then the control is 
entirely mechanical. 

Amount of permissible error, or backlash, in 4M 
actual steering booster is preferably somewhat 
smaller than the + %-inch indicated in the & 
ample of the response characteristic. The max 
mum valve opening may be reduced by making 
ports shorter and wider, but maintaining 4 to 
area equal or slightly greater than the area of the 
supply passages. 
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Hi speeds . . . shock loads 
— . . . heavy, medium and 
Be light duty... dust... water... 
re heat... acid fumes . . . all of 
d) these and many more service con- 
ditions are provided for in the 
ig. 7 30,000 hour line. 
s asa 
rce Most important to executives 
who want insurance against fail- 
ures which mean costly produc- 
yalve tion delays is the fact that each 
and Dodge Rolling Bearing is de- 
ob- signed for a life expectancy of 
30,000 hours under conditions 
the for which it is adapted. 
“fe Dodge Rolling Bearings provide 
bit a quick, sure and economical so- 


- lution for many vital problems 
facing industry today. The com- 
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plete line of pillow blocks and 
unit mounts making up the 30,000 
hour line makes it easy to mod- 
ernize equipment and drives, 
thus stepping up production and 
eliminating troublesome and ex- 
pensive maintenance problems. 


Send for the NEW Dodge Selec- 
tion Tables which have taken all 
of the guesswork and uncertainty 
out of bearing selection and make 
thetask of picking the right bearing 
for any job as simple as A.B.C. 
If you do not have the Dodge 
Rolling Bearing catalogues in- 
clude them in your request. 


DODGE MANUFACTURING CORPORATION 
MISHAWAKA, INDIANA, U. S. A. 








® Dodge-Timken Special 
Duty Pillow Blocks and 
Unit Mounts for heavy 
loads and high speeds. 








® Dodge-Timken Clamp 
Sleeve Bearings . . . Hanger 
Bearings . . . Pillow Blocks 
and Unit Mounts. Rugged, 
and dependable general 
purpose bearings. 











® Dodge-Timken Type‘'C”’ 
Bearings . . . Hanger Bear- 
ings, Pillow Blocks and 
Unit Mounts with special 
seals to exclude the finest 
abrasive dust. 












® Dodge-Timken ‘Double 
Interlock’’ Pillow Blocks 
and Unit Mounts for nor- 
mal radial, thrust and 
shock loads. 














® Dodge ‘‘DH”’ Ball Bear- 
ings — Hanger Bearings, J 
Pillow Blocks and Unit §& 
Mounts. For high speeds 
and light to moderate loads. 









® Dodge ‘“‘DH”’ Iron- 
clad Ball Bearing Pil- 
low Blocks with rugged 
cast iron housing for §.. 
high speeds and light 
to moderate loads. 
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Hannifin hydraulic cylinders provide the precision con- 
struction that means high efficiency utilization of hy- 
draulic power, with minimum fluid slip. The patented 
no-tie-rod construction gives a stronger cylinder assem- 
bly, simpler application, easy adaptability to many dif- 
ferent types of use. 

No-tie-rod design eliminates a source of leakage, and 
allows removal of end caps without collapse of other 
parts. 

End caps may be positioned independently, for con- 
venience in installation. 

Mirror finish honing, in all sizes, produces a straight, 
round, perfectly finished cylinder bore. High efficiency 
piston seal is obtained, with minimum fluid slip and 
maximum power. 

Hannifin cylinders are built in seven standard mount- 
ing types, with small diameter piston rod, 2 to | differ- 
ential piston rod, or double end piston rod, with or with- 
out cushion. All sizes, any length of stroke, for working 
pressures up to 1000 and 1500 psi. Special cylinders built 
to order. Write for Bulletin 35-MD giving complete speci- 
fications. 


Hannifin Manufacturing Company 
621-631 South Kolmar Avenue, Chicago, Illinois 
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Hannifin Precision Cylinders 


for better use of hydraulic power 
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-Pneumaticsin Typewriter 


(Continued from Page 102) 


a round valve on an impulse canceling device tg 
the select reverse valve in the valve box. This 
permits canceling two impulses, since the recopg 
moves forward to the next series of Selection 
perforations and then reverses, and Synchronizes 
the reading of a dial indicator, mounted next to 
the pushbuttons, with the actual position of the 
record. To each of these pneumatics is Connected 
an electrical contact that is closed only with the 
final stroke of the pneumatic, thereby completing 
the circuit for the selector magnet after the moy. 
able contact has arrived on a Stationary contaet 
that is wired to the corresponding pushbutton 
depressed for selection. 

Electric contact consists of five rows of push- 
buttons, each row having a white button for 
clearing that row in case one or more buttons 
are pushed in error, or a new selection is to be 
made. The pushbuttons, when depressed, close the 
circuit for the selector magnet. Each pushbutton 
contact is connected to a stationary conductor on 
the contact stepper plate. 


Directional Switch Is Set Manually 


A record directional switch, mounted outside 
the dial indicator before the operator, determines 
which direction the record should progress over 
the tracker bar—forward, reverse or repeat. It 
is set manually in the desired direction, to the 
extreme right for forward, center for repeat and 
to the extreme left for reverse. Shifting is ac 
complished by three pneumatics. Valves for these 
pneumatics, each one of which is opened by turning 
the switch to one of the above positions, receive 
the impulse through the select perforations passing 
over the tracker bar. They complete that circuit 
through a nipple slide or cut-off valve above the 
selector magnet. When this nipple valve is op- 
erated, it interrupts the select impulse, and at the 
same time establishes an impulse with the repeat 
valve in the valve box. This cut-off valve is the 
only deviation from the original select impulse 
circuit. When the record directional switch is in 
center position, a second impulse channel provides 
a connection between the tracker bar rewind slot 
and the select reverse valve in the valve box. 

Reverse selection cut-off switch is located on 
the bottom of each panel. It is an ordinary elec- 
tric switch to cut off the circuit to the selector 
magnet when the record is running in reverse 
direction, making it possible to reverse to the 
first selection without clearing the pushbuttons. 

Reverse selection canceling and selector magnet 
unit is mounted on the bottom of the desk, toward 
the front. It has two distinct functions: First 
to cancel two select impulses in reverse to mall 
tain synchronization of the dial indicator and posi 
tion of the record on the tracker bar; second, t0 


(Concluded on Page 140) 
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FOR FULL 


MOBILIZATION 


i oe ee 


1 Morse Roller Chains 


3 Morsé Indexing and Free-Wheeling Clutches 


4 Morse Silent Chain Couplings 


5 Morse Morflex Couplings 


DEPEND Oe 


OR ae > 


In these days of “all out” production, the job of efficient, 
dependable power transmission becomes extremely im- 
portant. Power loss through inefficient drives can seri- 
ously effect your production schedules. Insure against 
production set-backs by transmitting all the power with 
Morse Drives. Regardless how large or small your drive 
requirements may be—Morse Drive equipment will meet 
your needs more efficiently and economically. Morse 
Silent and Roller Chains have many exclusive features. 


DRIVES 


They deliver at 99.4% efficiency. Don’t overlook the 
many advantages of Morse Silent Chain and Morflex 
Couplings. They are dependable, long lasting and have 
proven themselves worthy in hundreds of different in- 
stallations under the most severe conditions. Morse 
Indexing and Free-Wheeling Clutch Couplings are ideal 
for indexing and free-wheelimg purposes—available in 
many sizes, You will profit with Morse Drive equip- 
ment—consult the Morse man.in your territory —today. 


SILENT CHAINS ROLLER CHAINS FLEXIBLE COUPLINGS 








MORSE positive DRIVES 


MORSE CHAIN COMPANY ITHACA 


MACHINE DEsIGN—April, 1942 


DIVISION BORG-WARNER CORP. 




















Quick help from 
experienced helpers 


@ Lewellen engineers want to tackle your 
speed-control problems! Believe us, over 
a period of 44 years they have solved 
many difficult ones. Actually the solu- 
tions to some of these problems were 
epoch-making inventions. 

Chances are, however, that stock sizes 
in Lewellen Variable Speed Transmis- 
sions or Variable Speed Motor Pulleys 
will meet your need and, with a priority 
application, we can help you quickly. 

Surely you have a need if fixed-speed 
machines at work in your plant can be 
made to give faster, more uniform pro- 
duction by the addition of Lewellen 
Speed Control. Please don’t wait... call 
us in for our recommendations today! 


Lewellen Variable Speed Transmissions are 
made in open and enclosed types—vertical or 
horizontal—in all sizes from fractional h.p. to 
40 h.p. Lewellen Variable Speed Motor Pulleys 
are available for all ratings from fractional to 
7% h.p. Speed range, 3 to 1 for all pulley sizes. 
(One size has a speed range of 234 to 1.) 


Call a Lewellen Representative or write us direct 


LEWELLEN MANUFACTURING CO. 
COLUMBUS, INDIANA 





(Concluded from Page 134) 
establish an air impulse to the repeat or trans- 
mission reset pneumatic valve at the time the 
movable stepper contact meets the Stationary cop. 
tact corresponding to the button pushed, The 
second function is independent and has no con- 
nection with the canceling function, but the unit 
is so designed for convenience in construction, 

Canceling unit consists of a round stepper valye 
which interrupts the suction from the reverse 
select valve in the valve box to the reverse Stepper 
pneumatic for two steps. The first two suction 
impulses are utilized to step this round valve by 
means of a stepper pneumatic to a position where- 
by a suction connection with the reverse select 
stepper pneumatic is established when the third 
group of select perforations are passing over the 
tracker bar. This procedure synchronizes the 
paragraph readings as marked on the record with 
the dial indicator position before the pointer steps 
backwards. The round valve is kept in this ad- 
vanced position by a detent lever until the record 
has arrived at the selected paragraph. This valve 
is brought to its neutral position under the in- 
fluence of a coil spring when the lever is freed. 


Nipple Valve Inter:upts Impulse 


The selector magnet unit, located on the same 
frame with the canceling unit, consists of a nipple 
valve, electric magnet and a nipple valve resei 
pneumatic. The select impulse is connected through 
the nipple valve to the directional switch valve, 
and is actuated by the electric magnet whenever 
the record arrives at a select position. Its elec- 
trical impulse is received whenever the circuit is 
closed by a depressed contact on the pushbutton 
bank. When the nipple valve is operated by the 
magnet, it interrupts the select impulse. At the 
same time, it establishes an air impulse to operate 
the “repeat” or transmission reset valve, and pro- 
vides suction to a pneumatic that shifts the trans 
mission into neutral position, permitting the record 
to run forward to the stop at the selected pare- 
graph. Immediately preceding the stop perforation 
in the record is a perforation which, through @ 
pneumatic, resets the nipple valve and the magnet 

An emergency stop unit or pneumatic relay, 
located on the bottom of the case, consists of @ 
simple primary valve with two electrical contacts. 
It is operated through the repeat impulse from 
the tracker bar. Operation of this primary valve 
closes the electrical circuit to the magnet, movilg 
the nipple valve, and thereby shifting the tral 
mission into a neutral position. 

Suction cut-off block for transmission forward 
and reverse selector pneumatics is located directly 
under the transmission frame. Its function is ® 
cut off the suction to either pneumatic. ; 

Pneumatic actuation of a complicated mechanical 
device has proved practical in this machine, 
dicating pneumatics are worthy of investigation 
in connection with design problems of ° 
mechanisms. This power method particularly 
adapts itself to quiet operation so often desired. 
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TOMKINS-JOHNSON 


r 


MAXIMUM STROKE LENGTHS 
tn relation fo Piston Rod 
Diameters 


Already figured and charted for you 
in this catalog are the maximum 
hydraulic cylinder stroke lengths that 
can be used with the standard diam- 
eter piston rods. If this stroke 
length does not accommodate the job 
to be doné, an:alternate choice piston 
rod is given with the maximum stroke 
that can be used for that diameter 
piston rod. 


Along with information of equal im- 
portance to the user of hydraulic 
cylinders, this chart is shown in our 
Catalog H-40. Your copy will be 
sent promptly on receipt of your 
request. 








This Style HH-5 Hydraulic Cylinder 
(one of 8 standard styles) is for 





pressures up to 1500 lbs. per square 
inch. These same styles are available 
in the LH line, suitable for pressures 
up to 750 lbs. per square inch. 


THE TOMKINS-JOHNSON CO. 


618 North Mechanic Street 


Jackson, Michigan 
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Playing Hob with 
Involute Gears 


(Continued from Page 109) 


tangency of the line of action. There can be no 
gear action beyond this point and the result is that 
the end of the tooth cuts away a small portion of 
the involute profile. While actually little of the 
profile is removed, a disproportionately large 
amount of the line of action is cut off. The follow. 
ing formulas from Buckingham’s Manual of Gegr 
Design give the depth to which a gear may be 
hobbed without introducing undercut and a close 
approximation to the amount of involute profile 
removed when the gear is cut to a greater depth, 


N 


R.y=R cos? ¢—y(1—sin od) ..... 22 eee cca 
___(Ru—-R,)? 
~ 6R cos ¢ sin? ¢ 





ee 


Considering the elimination of undercut it should 
be clear that in a pair of gears the center distance 
should be equal to, or greater than, the sum of the 
two undercut radii plus the tooth depth, plus the 
clearance, if the gears are cut on nonstandard 
diameters. Using the aforementioned formula for 
undercut radius it is'seen that with standard tooth 
depths, if the total number of teeth in the pair of 
gears is greater than forty for a 20-degree pres- 
sure angle or than seventy-five for a 14%-degree 
pressure angle, the gears can be cut to run at 
standard center distance and pressure angle with- 
out undercut. This may, of course, result in a de 
creased outside diameter with a larger gear and 
an increased outside diameter with a smaller gear. 


Results in Stronger Tooth Form 


The outside diameters may be figured by adding 
twice the tooth depth to the undercut diameter of 
the smaller gear and reducing the outside diameter 
of the larger gear from the standard outside diam- 
eter by the same amount that the smaller gear 
has been increased over standard. The phantom 
rack shown in Fig. 5 would then mate with these 
two gears on the same line of action, and the pres- 
sure angle would remain unchanged. Where the 
total number of teeth in the pair of gears is less 
than the value mentioned it will be necessary, if 
undercut is to be eliminated, to cut one or both om 
oversize diameters and to increase the center dis 
tance and pressure angle. 

To return to Fig. 5, since the gear on the right 
has not been cut below its undercut radius, 
cut in to the same depth from its outside diameter 
by the same hob, it can be seen to have 
working surface for its full profile without under 
cut, as well as being a far stronger form. ®© 
viously each of these gears will run correctly with 
the rack, and since the two gears have the same 
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@lf your present source can’t meet all of »2 2 


your needs, send us your plans. Leland may 
be able to fill the gap. 


@ If you need a new type motor, let Leland 
engineers design it... then show you how fast 
they can turn blue prints into finished motors. 


@ If you know the motor you want but can 
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find no one to ini it, try Lelend: Again, 
we may be able to help you. 

Leland is busy. But we are willing to work 
even harder. Consider us, therefore, as a 
dependable source of supply for electric 
motors in all types from 1/20 to 5 H. P. 


, OHIO 


Write, wine, or telephone Leland today! 
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SELECTOR CHARTS 


<i LOVEJOY CAT 4, 
6) 


ww’ C 


FLEXIBLE COUPLINGS 


For example: Suppose you wish to connect driving power of 140 
H.P. at 700 R.P.M., with a driven unit for fluctuating loads requir- 
ing high protective resilience. 


Consultation of data on L-R Flexible Coupling applications indi- 
cates Type “H". It is made in sizes for a wide range of heavy 
duty. L-R Selector Chart on Type “'H" shows you almost instantly 


the size for your need. 

































Under R.P.M. column at extreme left of table you run down to 700. 
That's your R.P.M. At 700 follow the figures horizontally to the 
right. You come to 140. That's your H.P. A glance at the top of 
this column shows the coupling for your purpose to be Type "H" 
2865, maximum bore 3%" x 4%." Data right at hand informs 
you that the starting torque capacity is equivalent to 34.2 H.P. 
at 100 R.P.M. and give you measurements, weights, price, etc. 


Similar Charts and complete information to be read at a glance 
are furnished on other L-R Flexible Couplings. 


There are L-R Flexible Couplings 
for every duty from small pumps 
to heaviest mill and mining ma- 
chinery. %4" to 14" bores, 1/12 to 
2,500 H.P. at 100 R.P.M. They cor- 
rect misalignment in any direction 
— absorb shock—save valuable 
equipment—REQUIRE NO LUBRI- | 
CATION. 


L-R Flexible Couplings constantly 
pay you a profit by keeping ma- 
chinery going longer—increasing 
production. Send for the L-R 
FLEXIBLE COUPLING CATALOG, 
and your L-R Selector Charts. 


LOVEJOY FLEXIBLE COUPLING CO. 


5018 West Lake St. , Chicago, Illinois 
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ning not over 1500 feet per minut 
these formulas agree reasonably well. 


ceed 1/2P the backlash produced will not be 
cessive, in general, with special gears of the 








number of teeth they will have the same Ditch 
diameters and pressure angles. Consequently they 
will have the same base circle. They will, of Course 
have the same base pitch as the rack. 

It is reasonable to ask then how they wij] run 
with each other. From the crossed belt analogy 
it is evident that they should run quite Satisfac. 
torily, though at increased pressure angle. How- 
ever, at the center distances shown in Fig. 5 there 
is a space between the adjacent faces of the two 
teeth due to the fact that they do not have the 
same lines of action with the rack. There would 
also be an identical space between the other faces 
of the teeth and the adjacent faces of the next 
teeth which are not shown. With the two gears 
running together the driving faces would, of course, 
be in contact, taking up this space and increasing 
the space between the nondriving faces by the 
same amount. In cutting the right-hand gear its 
center distance has been increased by the same 
amount that the outside diameter has been in- 
creased, leaving the depth of cut standard. There- 
fore, if these two gears run on this increased center 
distance a certain amount of backlash will have 
been produced, though far less than if they had 
both been standard gears and run on these centers. 
This backlash is given by the following formula: 


. ‘ Mtn, , 
b= 2c,cos ¢, (inv @,—inv d )\—— sin ¢ 





. . m+n , 
(tnvg,—tinv ¢) -—— p= ¢ 


= 2(RitRr2) 
In considering backlash, it should be remembered 
that a certain amount is necessary for good gear 
action. In the first place the film of lubricant be- 
tween the tooth faces has thickness. In the second 
place, no gear can be absolutely perfect and suf- 
ficient backlash must be allowed so that the gears 
will not mesh too tightly because of eccentricity 
or errors in tooth profile. This backlash is pro- 
duced in standard gears by sinking the hob deeper 
into the blank in one or both of the gears, the 
formula (from Buckingham’s Manual of Gear De- 
sign) for this being, when both gears are cut 
deeper 


: b gue o= 14% degrees 
i= —_—“-“—-—= 
4 sing .73b for ¢=20 degrees 


and when only one gear is cut deeper 
: b wi for ¢=14% degrees 

i= ———_ = 
2sing 1.466 for ¢= 20 degrees 


As to the amount of backlash desirable, A. C. Ras- 
mussen in the February, 1939, issue of Product 
Engineering gives for pitch line velocities less than 
1,000 feet per minute, the value b = .030/P and for 
greater pitch line values, b = [.030 +3 X10-°(— 
1000)]/P.. The A.G.M.A. also gives 4 table ol . 


backlash, TaBLE I, for general use in gearing Tur 
e with which 


If the increase in center distance does not = 
€ - 
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@ Write for hydraulic 
cylinder catalog No. 
229, air cylinder cata- 
log No. 230, and com- 


plete details of Hanna 
valves. 


“ne Engineering Works shay i 1765 Elston Ave * Chicago 
ylinders + Valves ° Hoists ° Riveters 
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degree system, which makes the cutting of small ; 


‘a ; | pinions one tooth oversize a simple and conve: 
| ly S it Uf if C ( ONT RO 4 | method of eliminating undercut and strengtheng . 
the tooth. In fact, where the drive is always from 
one direction or where speeds are not high, it is | 


0 [ If C BAN R difficult to say when, if ever, backlash would be 
considered excessive. On the other hand, where 
| 


“ta, the driven gear and apparatus connected to it are 
likely to overrun the driver, reversing the load op 
the teeth, it is desirable to keep the backlash down 
to a minimum, as for instance in a motor drive 
where a brake on the motor is used to stop rota. 
tion when power is shut off. In this case it jg 
usually desirable to use a nonmetallic pinion or g 
shock-absorbing coupling. Another case where if 
is at least desirable to know the effect of backlash 
is that in which gears are used to control the mo 
tion or position of one part in respect to another, 
as in a camshaft drive. Here it is desirable to 
know the possible angular error due to backlash. 
The term angular backlash will be used to de 
scribe the angle through which one gear of a pair 
can be turned while the other pair is held fixed and 
is B = b/R, radians. 

Where it is desired to eliminate the backlash 
created by these special gears they may be run 
on a center distance that is less than the sum of 
the cutting center distances. The outside diam- 





TABLE I 
A.G.M.A. Recommended Backlash Limits 





Pitch Backlash 
min. aver max. 


: SEN — | .030 040 050 
e | .020 027 033 
; P ush-Tite | .015 .020 025 


.012 .016 .020 


AIR HO ‘ & C 0 U | .010 013 017 
nN p | N .008 .010 .013 
. .006 .008 .010 
Regardless of the air pressure Hansen Push-Tite air hose .005 .007 .008 
couplings are absolutely air tight with no leakage, which .004 .005 .006 
means control of the air at all times. This remarkable 10 .003 .004 .005 
coupling is being used by the Army, Navy and practically 12 003 004 005 
all the leading aviation plants in the country, plus a great 16 002 0 004 
many of the large industrial plants. os . .003 
Hansen Push-Tite air hose coupling is unique in that it and 002 003 004 
speeds up production, is rough and tough. absolutely finer f 
dependable, easy to operate, saves time and air. Its sim- 





eters of both gears, however, must be reduced by 
the amount the center distance has been reduced 
on y turned on. a to maintain the clearance between the tip of the 
onnected and air is instantly tooth of one gear and the root of the tooth space 
oo of the other. The formulas for this case are @% 

follows: 





ae o=( m+n2+NitN:z 
N.+N; 

‘i -( Nit+N:; \= o_ RitRe 

J 2P COS¢r COS 





) tan ¢—arc“¢ 





h=c,— (Ruit+Rn+clearance ) 


Hans@ai nic. co. <a a 


INDUSTRIAL AIR LINE EQUIPMENT Ra=c,—-—y5 


1786 E. 27TH STREET + CLEVELAND, OHIO where n/2P = increase in R, over the standanh 1 
Buckingham gives a table based on the 14%-de © 
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oIMPLIFY 
THE JOB 


Note how the smooth, trim contours of Tri-Clad motors 
will blend with the modern appearance of your machines. 





They can be mounted in exposed locations close to cutting 
tools because their sturdy, cast-iron frames and end shields 
give them extra protection against physical damage from 
chips and spattering coolants. 


Their compactness is a valuable asset when your design 
allows only limited space for the motor drive, or when the 
reduction of shipping weight means money saved. 


Tri-Clad motors are a cinch to install. Primarily because 
of the shape of the bearing housings, they are easily handled 
by hand or with slings. Their roomy conduit boxes give 
ample wiring space, and all leads have terminals and are 
clearly identified. Their end-shield design permits mounting 
horizontal types in any of four positions. 


In addition, all Tri-Clad rotors are dynamically balanced 
as one important step in their manufacture to facilitate 
over-all operating smoothness of machine and motor. 


While the standard, open type (now available to 100 hp) 
will meet a wide range of design requirements, Tri-Clad 
motors are also available in splashproof and vertical types 
with face- or flange-type end shields. Ask your G-E repre- 
sentative about types and ratings. General Electric, 
Schenectady, N. Y. 


General Electric and its employees 


are proud of the Navy award of 
Excellence made to its Erie Works for 
the manufacture of naval ordnance. 
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Pilot Dan the Motor Man 


Discovers how PILOT 
MOTORS Contribute to 
the Efficient, Economical, 
Operation of MILLER 
POWER OIL BURNERS 





Tue compact little 
unit shown at the 
left is a Pilot Frac- 
tional H.P. Motor 
which is being 
usedas a Fan Power 
Drive in every Miller Power Oil ee 
designed for economical small-home heating by THE 
MILLER COMPANY of Meriden, Conn. Here again, 
PILOT MOTORS have been selected because of their 
smooth, quiet, trouble-free performance! 


BURNERS OR BEER PUMPS— 
or wherever there’s a need 


for a fractional H.P. Motor 
then there’s a job for PILOT! 


PILOT Shaded-Pole, Induction Type Motors are avail- 
able in Fractional H.P. ratings from 1 /5o0othto1/1 5th. 
Write today for Bulletin P-2341 giving complete 
information about these dependable, low-cost Motors. 


F. A. SMITH MFG. CO. 


201 DAVIS ST. -z, ROCHESTER, N.Y. 


G 
*MOTORS 


FRACTIONAL~H-P- MOTORS 











gree full depth rack in which gear Combinations 
are worked out for gears of twelve to one hundred 
teeth. This system eliminates all undercut and 
maintains contact ratios of better than 1 for any 
pair of gears and better than 1.4 for the great 
majority of combinations. It has the slight disad- 
vantage, however, that the center distances with 
the smaller gears are not a whole number divided 
by twice the diametral pitch and also that the 
center distance is not constant for a given total 
number of teeth in a pair if one gear of the pair 
has over forty teeth, and the other has less than 
forty. These two points may prove inconvenient 
in trains of gears, in jackshaft arrangements 
where the input and output shafts are in line, and 
in planetary gearing. 

So far only hobbed or rack-generated gears have 
been considered. There is another method of gen- 
eration exemplified by the regular Fellows ma- 
chine and by the Farrell-Sykes. This type of ma- 
chine uses a reciprocating cutter that has the shape 
of a pinion of the system to be cut. As this pinion- 
shape cutter is reciprocated, it is fed into depth on 
a blank of suitable diameter. The blank and cutter 
are then rotated in opposite directions and the 
planing action of the cutter generates correctly 
formed involute teeth on the blank as shown in 
Fig. 6. 


Gears for Restricted Centers 


Referring back to the crossed belt analogy we 
can see that special gears can be cut as readily 
with this method as with hobbing. In this case, 
however, the excess backlash when produced de- 
pends not only on the center distances at which 
the finished gears are run but also the center dis- 
tances at which they are cut and the number of 
teeth in the cutter. In general this inherent back- 
lash is less than with hobbing, but its calculation 
is considerably more complex and, as the number 
of teeth in various cutters varies considerably, it 
is better to leave the calculations to the company 
cutting the gears. 

As has been indicated, one of the chief reasons 
for the use of special gears is to eliminate under- 
cut and also to achieve a stronger tooth form. An- 
other place where they may be desirable is the 
case in which the position of two shafts is fixed 
by other factors in the design, and standard gears 
cannot be worked out in standard pitches to con 
nect them without introducing excessive backlash 
and decreasing the engagement of the teeth. In 
this case the best combination of standard gears, 
the sum of whose pitch radii will be less than the 
fixed center distances, should be determined. Then 
adding to the outside radius of one of these geals 
the difference between the sum of the pitch radii 
and the running center distance, this oversize ea 
may be cut to standard tooth depth. 

A similar case is often encountered in planetary 
gearing. An example of this is a commercial gear 
reducer with a 9:1 ratio. This is a simple ime 
and sun gear planetary with three idlers, the ring 
having 96 teeth and the sun pinion 12 teeth which, 
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See how the Worthington Quick Detachable QD with a single cap screw. The sheave rim is pulled 


Sheave cuts installation time for attaching and up ona tapered fit with the hub by pull-up bolts, 
detaching V-belt sheaves eliminating the old hub- providing a positive press fit assembly or a 
to-shaft problem of loose fits, tight fits, sledging, tapered friction drive fit. Designed originally for 
pressing, crow bars and wheel pullers with just modern short stub shaft applications to mini- 
A Man—A Wrench—and 60 Seconds. mize bearing loads and shaft stresses, yet this 
The new Patented Quick Detachable QD Sheave QD Sheave may be applied to any existing type 
design ... the result of Worthington engineering of driver or driven unit. 
research and development...isadepar- MEMBER Just “A Man—A Wrench—and 60 Sec- 


onds” means much to industry in these 
days of maximum production with no time 


ture from the age old hub principle. This 
new Worthington design incorporates a 
split hub that is positioned on the shaft 


KEEP EM ROLLING WITH QD SHEAVES! 


SPECIFY WORTHINGTON QUICK DETACHABLE QD SHEAVE 


The New Standard for Industry 
Mv2.2 Write for Builetin MV-1400-B7 


<= WORTHINGTON 


WORTHINGTON PUMP & MACHINERY CORPORATION + GENERAL OFFICES: HARRISON, N. J. 


to spare for repairs. 








MACHINE DesigN—April, 1942 : 149 





DESIGN 
MACHINES 
TO MEET 
TODAY’S 
PRODUCTION 
DEMANDS 

by installing 


[SHORT OVERHANG TO] 
[FIXED BELT CENTERLINE | 


[CURVED PULLEY FACES GIVE FULL py ¢ 
| BELT CONTACT AT ALL DIAMEIERS 


* 


Simple—Low Cost 


Customers can get more out 
of your machines if you design 
them with IDEAL Variable 
Speed Pulleys. Simple, com- 
pact, easy to adapt to your 


LOW COST 


VARIABLE 
SPEED 


MOTOR 
PULLEYS 


designs. 


CURVED PULLEY FACES 


Exclusive Features 


IDEAL Pulley Faces are 
curved to fit the sides of the 
belt, exactly—assuring longer 
belt life—full belt contact at 
all driving diameters — full 
transmission of rated power. 
Other IDEAL features: 


¢ Both halves of Pulley move. 

e Infinitely variable speed over 3 
to 1 ratio. 

e Available in V-Belt and Wide 
V-Belt types. 

e Sizes up to 8 H.P. 


‘‘Select-O-Speed’’ 7 
IDEAL VARIABLE SPEED TRANSMISSION 


Where Very Wide Range 


of Speeds is Desired 
With IDEAL “‘Select-O-Speed”’ Trans- 
mission, an infinite number of speed 
variations over ratio up to 10 to 1 
can be obtained—instantly, smoothly 
while machine is in operation—by 
merely the touch of a finger! Adapts 
machines to varying production re- 
quirements. Best engineering design; 
compact; all metal. Inexpensive; easy 
to install. 


IDEAL TENSI ON MOTOR BASE 


“‘Floating Power’’ for 
Motor Drives 








With IDEAL ‘Automatic’? Motor 
Base, motor actually floats against 
correct spring tension, so there’s no 
loss of wer between driving and 
driven shaft. Machines operate at 
maximum capacity. Prevents belt 
failures, increases life of bearings and 
increases customer satisfaction. 


New Transmission 
Catalog and Handbook 


FREE, “2's book of Complete Data on 
Variable Speed Control Equipment. 
Engineering information; applications; how 
installed. Quick index reference source. Send 
for your copy today. 
\ Submit your transmission problems 
v to IDEAL Engineers. 
= IDEAL COMMUTATOR DRESSER COMPANY 
1059 Park Avenue Sycamore, Ill. 
Sales Offices in all Principal Cities 
In Canada: Irving Smith, Ltd., Montreal, Quebec 

















to avoid undercut, are cut on a blank having a 13 
tooth outside diameter. This would seem to mi 
quire a 41%-tooth idler. In the high speeq lighter 
duty models where the idlers are made of textolite 
these planets are cut 41 teeth on a 41%-tooth blank 
to take advantage of the stronger tooth form of 
the oversize gear. In the heavy-duty models, where 
the idlers are bronze or steel, they are cut 42 teeth 
on the 41 %-tooth blank to reduce undesirable back. 
lash. 

In this connection it should be noted that the 
planets in this type of planetary are true idlers, 
that is, the number of their teeth does not affect the 
gear ratio of the system. When using the formulas 
given by George S. Hoell, (M.D., November, 1941) 
with these special gears, they may be transposed 
to use the sun and ring gear rather than the sy 
and planets as a basis of calculation. 

Special gears, properly designed, require no 
extra work or expense in their manufacture. Ip- 
deed, the man at the hobbing machine may never 
know he is cutting a special gear. They only rm 
quire some extra work at the designer’s board and 
the results are usually amply justified. 


Miniature Motors 


(Continued from Page 119) 


lems. In this case maximum power with minimum. 


size and weight is required. The motors are, 
therefore, provided with special fans for cooling 
to increase the power without overheating. These 
motors operate at as high a speed as possible to 
increase the power output per unit of weight. Wind- 
ings of the armature require careful protection 
for these high speeds and must be well balanced. 
In many cases, too, these motors are built in as4 
part of the tool, the motor manufacturer supply- 
ing only the parts. This always requires close co 
operation between designer and customer to it- 
sure proper mounting of the motor parts to pro 
duce the desired results. 

Another interesting development is a small mo 
tor-generator designed for sound projection. A 
universal motor operates the projector and a d- 
rect-current generator. The output of the ger 
erator is utilized to operate the power amplifier 
for the sound system. By this means the sound 
projector can be used on either alternating 
or direct current. Because of the necessity of 
close regulation on the generator output, a 80 
ernor on the motor keeps the speed constant. 


Noise is Kept to a Minimum 


Trends in modern domestic oil burners have beet 
to build in the motors as part of the burners. 
motor is flange mounted in many cases with the 
fuel pump unit in the end casting opposite as 
flange. Then the fuel pump is essentially 4 
of the motor and presents an easily serviced 
which can be replaced readily. Motor is other 
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Infinite number of Spindle 
Speeds up to 2500 r.p.m. 
achieved in Monarch Lathes 


@9nis Monarch Machine Tool 
Lathe provides smooth, continuously 
variable, wide-range speed control thru 
the use of Ohmite Rheostats in an all- 
electric adjustable speed drive devel- 
oped by the Reliance Electric & Engi- 
neering Co. The need for change gears 
is eliminated. Complete range of speed 
up to 2500 r. p. m.is obtainable by con- 
trolling the speed of the direct current 
lathe motor with two Ohmite taper- 
wound “Model R” Rheostats in tandem. 

Ohmite Rheostats are the “heart” of 
variable speed control in many applica- 
tions— from motors of many horse- 
power to fractional horsepower. Their 
service-record in Industry and in the 
Armed Forces proves their complete 
dependability. Available in ten watt- 
age sizes from 25 to 1000 watts, in 
straight or tapered winding, in single 
or tandem units. Many stock units. 
Special units produced to Government 
specifications or engineered for you. 
Let Ohmite engineers help you. 


OHMITE MANUFACTURING CO. 
4830 Flournoy Street, Chicago, U. S. A. 


aa 28 8 @, 8 


= 


Send for Catalog & Engineering Manual No. 40 ; 
Complete, helpful 96-page guide in the selection and Ke k lG hil 


application of Rheostats, Resistors, Tap Switches. 
Write on company letterhead for your copy today. 


swit 
QESISTORS * diate 


with Ol AN TE 
al 


RHEOSTATS 


RAR SRS 
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LOCKING TYPE HEAD 


This head, designed for use 
with remote controls, permits 
locking to any desired position. 
The locking action will not 


ARES 


slip due to vibration. 


FOR DEPENDABLE OPERATION. SPECIFY ARENS 
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FOR PRECISION-BUILT 
REMOTE CONTROLS 





VERNIER TYPE HEAD 


Permits coarse and micro-fine 
adjustments by movement of 
one control head. When the 
control is set it cannot slip. 
Always in mesh. 


Arens is working shoulder 
to shoulder with industry 
supplying the correct push 
and pull control units wher- 
ever remote control is a prob- 
lem. When you specify Arens 


for your equipment, you 
guarantee efficient control 
operation. Arens engineers 
will gladly assist you in 


selecting the best control for 
the job. Write today. 




















wise a standard split-phase type with emphasis 
placed on high starting torque. Hum of this mo- 
tor is kept to a minimum as noise can easily be 
telegraphed through the ducts or pipes of the heat- 
ing system. 

In the same class as oil burner motors are smal] 
motors for hot water circulators. These motors 
have essentially the same motor parts except for 
the bearing construction. Being mounted verti. 
cally, they require special oil slingers and oil res. 
ervoir construction to prevent the oil running down 
the shaft. They also must have ample power as 
operation may be nearly continuous and the duty is 
heavy. Cool running is essential for this applica- 
tion. 


New Magnet Alloys Increase Use 


A rather new entry into the field is the small 
permanent magnet type of motor. 
vent of better permanent magnet alloys these mo- 
tors have been made more feasible. Their use is 
limited to places where the high cost of the mag- 
net alloy can be offset by the other advantages, 
Since the motor is a direct-current shunt type with 
the fietd supplied by the magnet, the efficiency is 
considerably greater than that of a motor of sim- 
ilar power with conventional windings. This may 
be important, as when operating a small motor 
from dry cells. Eliminating the field coils also per- 
mits the motor to occupy much less space. 

With the advent of wartime needs replacing the 
domestic production, the motor designer is now con- 
fronted with a different set of requirements. Em- 
phasis is now placed on quality and reliability, in- 
volving closer limits and more exacting manufac 
ture. Most government applications require ball 
bearings lubricated for —60 to 125 degrees Fahr. 
instead of the more familiar sleeve bearings. 


Airplanes Require Special Designs 


Design of these motors is even more specialized 
than peace-time requirements. Each motor has 
a particular job to do and is built to do this job 
alone. In most applications, such as airplane work 
—the specific nature of which cannot now be di- 
vulged—the last ounce of efficiency is exacted from 
the motor to keep the weight and power required 
as low as possible. This involves high speeds with 
extra full windings. These windings might ordi- 
narily be considered poor commercial practice from 
a normal use standpoint. Ball bearings necesst 
tate careful alignment with close machining toler- 
ances. This automatically eliminates the stamped 
cases so prevalently used on commercial work, a 
well as the ordinary tools and machines for this 
type of work. 

Thus, fractional horsepower motors for war 
work, because of their specialized requirements, 
cannot be compared to the mass production com: 
mercial types. In many cases the changeover T° 
quires extensive retooling and new machines to 
meet exacting specifications and design. 
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PARALLEL MISALIGNMENT 
Jake uj < ANGULAR MISALIGNMENT 
WITH LOW POWER LOSS 


BONDED RUBBER PRODUCTS 


for Simple, Flexible, Drives 





VIBRATION 
Eliminale < noise 
LUBRICATION 





MULTIPLE H. P. 
The cross-section view below on — 
illustrates a single Lord 
Flanged Bushing used as a 
flexible coupling. Lord Bush- 
ings of various sizes can be 
used in this design to suit 
many multiple H.P. trans- 
mission requirements. 
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ae Bonded Rubber Bushings can be utilized in many differ- 
ent designs to provide a simple and efficient method of flexi- 
bly connecting shafts, and particularly where parallel or angular 
misalignment exists. 


For constructing couplings to your own design, standard 
Lord Tube Form Bushings are recommended on multiple horse- 
power drives. Typical single and compound applications are 
illustrated above. Lord Bushings are made in a wide range of 
sizes in both flanged and straight tube styles to fit any dimen- 
sional condition or power requirement. 


__ For fractional horsepower drives, Lord manufactures one- 
piece Bonded Rubber Couplings, shown at the right, in seven 
sizes with capacities from 1/16 H.P. to 1 H.P. at 1750 R.P.M. 


r Long operating life is built into Lord Bushings and Coup- 

ings through the use of special rubber flexing compounds and 

a eeesive method of bonding rubber to metal. The proper use 

“i products results in minimum power loss, and pre- 
ion the transfer of vibration and noise along the shaft. No 

M ication is required in this coupling design, as the metal parts 
© separated by and bonded to the rubber element. 


un priterature is available on both Lord Tube Form Bushings 
en exible Couplings. A letter outlining your design require- 
nts will receive prompt attention. 


LORD 


245 E. OLIVE AVE., BURBANK, CAL. 


(AES Sue Oe OEE Te 


280 MADISON AVE., NEW YORK 





SHERR UV 








USE LORD TUBE FORM BUSHINGS IN YOUR OWN HOUSINGS 


MANUFACTURING COMPANY... ERIE, PA. 





A typical compound applica- 
tion of Lord Bushings in a 
coupling is shown in the 
cross-section below. The 
number of bushings required 
depends on power to be 
transmitted and dimensional 
space limitations. 




































FRACTIONAL H. P. 











DRIVEN SHAFT 














() DRIVING SHAFT 





USE LORD COUPLINGS 

H.P. at 1750 R.P.M. 
Aei|Vil%|’ | Vy 1 
O.D. |'3%6"| 1” | 1%" | 1%" | 1%" [113H— 2 
Length] 134” | 134”| 21%” | 24%4” | 2%” |2'%46"| 2% 
Std. Tm" | %’| %"| %” | %"| %" | MI 


Bore* 
*Bores other than standard can be supplied. 




























































844 N. RUSH ST., CHICAGO 
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The Job 
For Today! 


Every piece of machinery— 
every piece of war equip- 
ment—must have the best 
workmanship and the finest 
engineering intelligence 
our industries can provide. 
In making gears for special 
machinery, on contract 
production for industry 
and in making: munitions 
of War, Diefendorf offers 
the utmost in required 
quality. 

DIEFENDORF GEAR CORP. 

SYRACUSE, N. Y. 











If you want to see a new and different design 
of solenoid,—a solenoid with the patented 
STELLITE-WELD contact surfaces— built by a 
machine tool builder—tolast the life of machine 
tools— ask us to send the 20 page fully illus- 
trated and engineering data bulletin No.EM-41. 




































ELECTRICAL MANUFACTURING DIVISION 


THE NATIONAL ACME COMPANY 








CLEVELAND, OHIO 

















Crusher Poses Severe 
Drive Problems 


(Continued from Page 116) 


from any installation of such machines. 

Double-roll breakers, such as shown in the illus- 
tration, rely on the impact of special teeth for 
the bulk of the reducing. Shown at A, these teeth, 
which may be cast iron or cast steel, depending 
on the hardness of the coal, are designed to crack 
down the large lumps of coal fed to the machine 
and to size them between 6 to 20-inch cube size 
with a full adjustment range within these figures, 
The design of the teeth and rolls is such that fines 
are not noticeably increased over the feed per- 
centage. In fact, it has been found in operative 
experience that to screen out the small sizes before 
breaking adds approximately the same percentage 
of fines as where the entire feed passes through 
the breaker. 


Protected by Electric Controls 


One of the most important design features of 
the double-roll breaker is adjustment of the crush- 
ing rolls. This manual and reversible adjustment, 
B, is dependent on the rack and pinion mounted 
on each side of the one movable roll. This roll 
is on sliding bearings and while the bevel geared 
rollshaft moves, the bevel gear which drives the 
movable roll slides along the splined jackshaft 
in fixed relation with the bevel geared rollshaft. 
Adjustment may be made during operation to 
prevent the annoyance of draining coal out of 
the plant merely to set the breaker. 

Of equal importance in the design is safety of 
operation. Raw coal may contain stone or other 
foreign material such as tramp iron. Along with 
these materials may come an unexpected feed 
surge of abnormal tonnage. The breaker must 


clear itself of these hazards or motors may burn 
out and teeth break. For this reason all materials 
chosen for the crusher construction must be planned 
to give an extreme safety margin of stress allow- 
ance. However, there are safety devices which 
reduce the machine’s dependency on sheer weight 


and rugged construction to prevent damage. First 
are the relief springs, C, which allow the movable 
roll to move back slightly should some abnormal 
condition threaten the rolls. Second, there 18 4 
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America depends on RIS LAYS by Guardian 


The controls of tomorrow—today! This “G”’ in the 
shield stands for MORE THAN A TWO-YEAR START 
on the sustained development of government ap- 
proved controls by Guardian. 

Result... Guardian paces production for war in- 
dustries with immediate deliveries of samples of 
approved controls for armaments, implements or in- 
struments used on planes, guns, tanks, ships. If it’s 
an approved control for the U. S$. Army, Army Air 
Corps, Navy, Naval Air Corps, Marine Corps, Signal 
Corps, Ordnance ... Write—wire—phone. 





SAMPLES OF APPROVED CONTROLS 
AVAILABLE ON SHORT NOTICE 


GUN SWITCH HANDLES 
REMOTE FIRING EQUIPMENT 


TURRET CONTROLS 
RADIO CONTROLS 
NAVIGATION CONTROLS 
AIRCRAFT CONTROLS 
BOMB RELEASES 





CTRIC 


ELECT: 


FFENS: 


LARGEST LINE OF RELAYS SERVING AMERICAN \ INDUSTRY 
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P.S. Want to take advantage of some of our recent developments for that ‘after it's over’’ product? Samples only available now! 


GUARDIAN 


1621 WEST WALNUT STREET 


ILLINOITUS 
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STEPHENS-ADAMSON * MINE & S‘‘ELTER CO. * CARNEGIE- 
ILLINOIS STEEL * DALITE SCREEN (4%). * UNITED POWER MFG. 
CO. * BOSTON EDISCjy * © 
BEMIS BAG CO. * & 












EO. T. SCHMIDT 
PETERS MACHII¥ INTERNATIONAL 


RESISTANCE CO. 


‘ ZTER KIDDIE & CO. 
ALUMINUM CO, * wmORTON SALT * WARD 
LEONARD * CUTLER H}] AMER * REYNOLDS TOBACCO * BAB- 
COCK & WILCOX * REMINGTON ARMS * STUDEBAKER * DU- 
PONT * GOODYEAR * GOODRICH * NEW DEPARTURE * HYATT 
TOLEDO SCALE * KOHLER CO. * SCRIPTO * FRANKFORD 


ARSENAL * DELCO-REMY * DE LAVAL, LTD. * CORNING GLASS 
BENDIX AVTATION # AGUA ANCCO & HAVS CORD * WESTERN 


scmLARGE and SMALL: == 
OWENS fuUnv * Uliameriwi cram, Fou Causes AUTO 
LITE * LINK-BELT * ZAHM & NAGEL * PROCTOR & SCHWARTZ 
OWENS ILLINOIS GLASS * U. S. COAST GUARD * E. G. BUDD 
LEEDS & NORTHRUP * BARRY WEHMILLER MACHINE CO. 


OWENS Chea PMONeTr 8H 2 SER ALATIDSNAT CORKAT LA * CHINE cx). 
COMBUSTIC a EY ad j | | N STA L [| cREAMERY 
PACKAGE * eNenur cievaAiun * no nuUc a UU. * HERCULES 
POWDER * HEYDON CHEMICAL CORP. * SPENCER TURBINE 
U. S. SIGNAL CORPS. * E. W. BLISS * SKF INDUSTRIES 
WRIGHT AERONAUTICAL * BRADY CONVEYOR * AJAX ELEC- 
TRIC FURNACE * MATHEWS CONVEYOR _* AMERICAN OPTICAL 


Janette Speed educers 
SICANIND NYULAoO saad ©: VAPULCL VCANBU.,, NMNUDILZOOD INVIN 


& STEEL * PERMUTIT CO. * JEFFREY MFG. CO. * AMERICAN 
VISCOSE * STANDARD CONVEYOR * AMERICAN LAVA CO. 
DOUGLAS AVIATION * PHOTO ELECTRIC PILOT * NATIONAL 
CARBON CO. * OLSON RUG CO. * SCHULZE BAKING CO. 
INTERNATIONAL FILTER CO. * AUTOMATIC ELECTRIC * DYER 


Janette Manufacturing Company 


556-558 West Monroe Street Chicago, I U.S.A 


ELLIOTT CO. * 









COLUMBUS /RON WORKS CO., COLUMBUS, GA. 





The Columbus Heater is a wood burning stove that offers 
uniform, thermostatically controlled heat. You simply 
set for fast or slow fire and automatically the stove 
delivers, without further fussing with damper or draft. 
Saves tending time, saves fuel, prevents overheating. 
A small piece of Chace Thermostatic Bimetal provides 
the necessary movement controlling this thermostat. 
If your product calls for automatic movement of parts, 
at specific temperatures, then Chace Bimetal will give 
you positive, dependable and uniform action. 


W.M. CHACE CO. 


1616 Beard Ave - Detroit Mich. 
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safety hub, D, which connects the main drive 
sheave to the driveshaft. This is Secured to the 
sheave by hard maple dowels which wil] Shear if 
an excessive strain is thrown on the crushj 
rolls. Third, and last, is an interceptor switch 
E. This is the best insurance possible, as it pro. 
tects not only the breaker but also the feed; 
and collecting apparatus. Installed on the main 
shaft, the switch is interlocked electrically with 
the feeder ahead of the breaker or other delivering 
machinery. Should the breaker choke or stall, 
the shaft revolutions per minute drop below the 
switch limit and the breaker motor cuts out, 
Simultaneously, interlock relays throw out the 
feeder motor, preventing a pile-up of raw coal 
in the breaker hopper. For further protection 
the interlock is so arranged that the feeder is 
stopped automatically when the conveyor receiving 
coal from the breaker is stopped. 


Silent Steel Gear 


Extends Drive Life 


By John A. Clark 
John Waldron Corp. 


mary requisites of machine drives in the 
present all-out war effort. Especially is 

this true in gear drives where the time lost in 
replacement may be great. Effective insurance 
against such failure has been attained, in the 
design of a Stowe-Woodward hard rubber dust 
grinder, by the use of a special silent steel gear. 
In this severe application a 75-horsepower motor, 
running at 860 revolutions per minute, is used as 
the prime mover. The silent gear (19 teeth, 2%- 


C OMPLETE reliability and long life are pri- 





Silent 5tee/ Gear 




































































inch diametral pitch and 8-inch face) is mounted 
on the motor shaft as indicated by the illustration. 
Previously, various types of pinions such as bronze 
and nonmetallics had been used with only ™ 


MACHINE DRIVES AND CONTROLS SUPPLEMENT 





















(Push button control 
installation) 










diets of proper lubrication is the cause of most bearing 
failures—and when a bearing “burns-out” the manu- 
facturer always gets the blame. 

You can assure positive bearing lubrication on all ma- 
chines by equipping them with Lincoln Centro-Matic 
Lubricating Systems. In addition to providing thorough 
lubrication, the Centro-Matic Lubricating System adds 
an important selling feature to the machines you manu- 
facture. 

Lincoln Centro-Matic Lubricating Systems are also ideal 
for the machinery used in your own plant. They are 
easily installed and consist of a number of Centro-Matic 
2-0 ia for each bearing—and a suitable Centro- 
pone lubricant pump. The injectors may be grouped in 
= old or located separately. The lubricant pump may 
2 = Or power operated—power operated systems 

ay be semi-automatic or full automatic. 


SPECIALIZED ENGINEERING SERVICE 


Send for copy of bulletin 888—or send us 
specifications of the machinery to be lu- 
bricated, and our engineers will gladly make 
recommendations. No obligations. 









LINCOLN ENGINEERING COMPANY 


Pioneer Builders of Engineered Lubricating Equipment 


ST. LOUIS, MISSOURS 
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LINZVZN 
(CENTRO-MATI 


LUBRICATING SYSTEMS 


Assure Positive Bearing 
Lubrication on all 
Machinery 












(A manually operated 


installation) 














SIMPLE TO INSTALL 


Lincoln Centro- 
Matic injectors are 
furnished in two 
types—block type 
for manifold group- 
ing. Cylindrical 

type for widely 


spaced bearings. —- 


Lincoln grease line accessories— 
high-pressure fittings and adapters, 
connectors, connector tube assem- 
blies, compression couplers, bush- 
ings and lubricant hose. 


Se og? wz 








Lincoln Model 1840 Lincoln Model 1805, 
fully-automatic elec- Manually operated 
tric Lub- Centro- 
rigun, 
30-Ib. 
capacity. 
























Lincoln Model 1787 Air 
motor operated, 400-Ib. 
drum pump. Pumps lubri- 
cant direct from original 
refinery container and is 
full automatic with time 
clock control. 
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different success because of the high shock loads 
< and the fact that the gear runs in oil. 
The silent steel gear is constructed of st 
eel 
FOR COMPLEX PROBLEMS OF laminations coated with minute particles of 
* REMOTE CONTROL graphite. These laminations are compressed under 
* INDICATION hydraulic pressure and held securely by a circle 


— of steel rivets. The lubricated i 
STOW Power Transmission ” ricated laminated cop. 


struction prevents noise vibrations from being 
transmitted from one lamination to the adjacent 


- L xe X | B L F 4 n A é T } N G i ones, resulting in mechanical flexibility and deaden- 


ing of sound. Their greater strength makes Dos- 















Stow Flexible Shafting has proved itself invaluable in modern : . 
machine design. wae somote control is necessary, but sible the use of a smaller diameter or narrower 
cost and lack of space eliminate gearing . . . when indi- i i . 
cation is complicated by vibration, heat or similar face, resulting in a more compact drive. Not 


factors . . . when power must be transmitted off i 
center or at an angle. Stow flexible shafting pro- dependent - werd deformation of the tooth profile 
vides a simple, highly efficient solution. for quiet operation, the pinion maintains true roll- 
ing engagement with its mating gear. 


Let us—as the inventors of the flexible shaft—put our 66 
years of experience to work on your specific problems. In 
writing, please include the following data: 


War Necessitates 
Use of Alternative Parts 


1—Blueprint or sketch of application. | 5—Unusval external operating 
2—H. P. and speed, or torque. conditions. 


3—Severe running or starting condi- 6—Rotation (either direction, 
tions. or both) viewed from driv- 
4—Continvous or intermittent 


By H. C. Keller 


Engineering Manager 
Lamson Corp. 





All correspondence 
confidential. 


STOW MANUFACTURING CO., Inc. 
11 Shear St. 


Binghamton, N. Y. 


ONVERSION of old, and building of new 
plants for armament production have greatly 
stimulated the demand for mechanical con- 
veyors. As designed and manufactured by the 
___— | Lamson Corp., such conveyors have been custom- 
arily powered by gear-head motors. Coincident 








VALLEY 


Ball-Bearing 





MOTORS 


The Choice of 
Leading Design Engineers 









lL V-Belt [ Spur Gear 






\— Motor 





























| eS I a. 
: . . . because BETTER MOTOR DE- 
SIGN has been the consistent aim of 
DRIP PROOF— Valley Electric Corporation engineers < ‘ ‘lity of 
SPLASH DESIGN throughout the years. The Valley with expanded volume, the ready availability 
Ball-Bearing Electric Motor of today d ith the 
Valley Ball-Bearin offers definite buyer-appeal in ef- these prime movers has been reduced, w 
Motors | ee ficiency and economy to the pur- It th It ti desi have had to be de- 
conditions | where chasers of. your eauipment. That is result that alternative designs ha 
azards of liquids, why prominent design engineers are 
a S.. Gapens incorporating Valley Ball-Bearing Mo- veloped. ; ue 
involved. Motors are tors in their plans. The problem of replacing the gear-head mo 
es ee Consider the importance of these five 
sermal aplash eon- outstanding features when you order = 
ditions. your next motor. (1) No Dead Spots. . 7 
. . (2) Efficient and Ventilated Wind- F 
ing. .. (3) 40°C. Maximum Tempera- 7 
ture Rise. . . (4) Squirrel-Cage Welded Conveyor __/ aw << 
Rotors. . . (5) Ball Bearings. : 
Ball-Bearing Motors ; Gear 
salt eecied Motor_ Coupling. Reducer. 
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Here’s the PWX Pumping 

Unit for several infinitely ad- 
W justable feed ranges, and a 
y constant speed rapid return. 
l- 
e 


| ...For Better, Easier Designing 


Unique advantages that provide most effective hydraulic power 


~~ npmusl and flexibility make Sundstrand Pumping Units highly 


ia a successful in a wide variety of applications on machine tools 

f or and other equipment. These time-tested Units are extremely 

qutomoe, ; birt simple, efficient, durable, compact. They facilitate better de- 
Cont at signing in all types of automatic or semi-automatic machinery. 
Whether used for such simple movements as clutch or brake 

operations; or for complex automatic cycles that include 


bint work-handling . . . for fast or slow, constant or variable 


‘ng, _ feeds and speeds... . with direct or remote controls, either 

Net pol, poh hydraulic or electrical . . . Sundstrand Hydraulic Equipment 

i binimo furnishes actuating means that are notably reliable, easy to 
pow install, economical to operate. 


pa Sundstrand Pumping Units and Fluid Motors are built in a 
: wide range of sizes and several standard types. Also avail- 
Lock} able are Sundstrand Valves and Controls for every practical 


pitty’ elf installation requirement. Investigate. Write for complete 
(C Cincust jum? information, today. 





@ The Rota-Roll Pumps used in Sundstrand ‘ 
Hydraulic Units are patented and manufactured >= 
only by Sundstrand. 





2556 Eleventh St., Rockford, Illinois, U. §. A. 
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Ww H E N O fe] D E R t Ni G without material sacrifice of economy and com- | 
| Pactness and with a minimum increase in complica. ~ 
a L - Cc T & i Cc tion and number of parts is of first order magni- 3 


| 

| tude. The most important of the developed alter. 5 
| natives are two in number. 
| 
| 
| 
| 








Consisting of a motor and standard gear reducer, ~ 
flexibly coupled, the first is comparable in efficiency 4 
but requires more space. The second comprises a 
completely designed drive unit, using spur gears 
and V-belts to obtain the necessary reduction and 
torque from the electric motor. 

Urgency of the war effort more than justifies 
the minor sacrifice involved in hastening the day 
when all armament plants will be producing at 
full speed. With emphasis on mass production, 
conveyor systems play an important part in the 
success of this effort. 





You will find the Ward Leonard data 4 : 
book ‘Electric Controls’ of great value 2 Sey Cease oa 
and convenience. It gives information : 
on this complete line including sizes, ( . 
ratings and prices. Send for the book Pie 
“Electric Controls” or special bulletins ¥: 

on Relays, Rheostats, Resistors, Motor e 
Starters, Speed Regulators and Con- 
tactors. 





Strip Tension 


By F. J. Donahue 
Allis Chalmers Mfg. Co. 


Pilot Control Regulates 


COPROLERPROCOUL ONE Mme 


Gh, : E 


i alls ll serie me 7.4 N BRASS and steel mills, thin metal strip as 

W A | ] it comes from the rolls is wound on a reel or 

bo D L 2 O fr A bh D | blocker. To prevent stretching or tearing of 

58 SOUTH STREET MOUNT VERNON, N. Y. | the strip, substantially constant tension must be 

Electric Control! Devices Since 1892 | maintained between the reel and the rolls. Ob 

| viously, as more and more metal is wound onto 

the reel its diameter increases and in order to 

maintain constant strip speed and tension some 
form of speed control is necessary. 


This problem is effectively solved by use of a 
torque sheave in conjunction with a variable pitch 








SPURS —SPIRALS—BEVELS—WORM GEARING 


| 
(14 to 96 D.P.) | 
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th 


With considerable cxperience and_ ex- 
ceptional facilities for the manufacture of | 
high precision Small Gears, our manu- 
facturing capacity is now heavily burdened 
with National Defense work, and we 
naturally feel pardonable pride in the 
importance and quality of our contributions 


to the Program. 
















While this very essential work takes pre- 
cedence, we are keenly conscious of our 
duty to established customers; their needs 
must command our continued earnest 
efforts. Under such circumstances, we hope 
new inquirers will understand our inability 
to give their wants the consideration they 
would ordinarily receive. 
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Gear Specialties a 
speed changer. The torque sheave consists <a 
ge Bin aa . oan tially of a free moving rim riding on a fixed hub. 


A A e S 
=| 
ee c'HitC A CS @ Ee This hub is keyed to the input shaft of the speed 
changer. 
$4 linked 


2670 W. MEDILL AVE. Ph. HUM. 3482 | ‘Rim and hub of the torque sheave are 
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Tiny by comparison 


io i 4, Py @ be Se _ 
n, 4 j f faces a . 3 a, = . wiih the huge machine 
the : ¢ q a a * j 3 4 ay i: ; it guards, Micro Switch 
te : ee . performs a vital job, 
yet permits neat, com- 

pact installation. 


Batt , / yy’, | = = When rifle barrels 
* | are drilled 


Si OG a MICRO SWITCH 
: el STANDS GUARD 


of 

: ‘ At each Spindle of this W. F. and John Barnes 

to 9 6-Spindle Vertical Rifle Barrel Drilling Ma- 

: q chine, a Micro Switch Protects Expensive Drills 
from Damage .. . helps prevent costly delays 

a 

h HIS towering machine conserves floor space and brings . .. actuated by minute changes of movement or energy— 


the automotive technique to the drilling of gun barrels. Micro Switch is helping to solve hundreds of otherwise 
ch spindle operates independently, and each is guarded difficult design problems. 
AE eeined caused by dull drills or clogging of The basic Micro Switch is thumb-size—measures only 11/16” 
ips by a tiny Micro Switch near its base. Here, as in hun- x 27/32" x 115/16", weighs only an ounce, operates on 
es. a. ond Switch dependability pressures as low as 114 ounces and movements as low as 
ah ces ; ane a time loss . . . helps keep .0002". Listed by Underwriters’ Laboratories with ratings of 
production climbing. 1200 V.A. loads, from 125 to 600 Volts A.C. 
most col tl . . . . . . 
hast hare og are the applications of Micro Switch in in- Micro Switch can be supplied in a wide range of types and 
hove sion “ P eM os and absolute dependability housings to meet a variety of operating conditions and re- 
cro Switch a unique kind of recognition quirements. The experience and skill of Micro Switch engi- 
wherever precision snap-action switches may b lied. 
ae neers is available to help you find the best possible answer 


Perating at the same point through millions of operations to precision switching problems. 








Other T eevee Micro Switch Applications Every engineer should have a copy of this informative Micro 
eo . Switch catalog. The operating principles and applications of 
CARRIAGE STOP LEVER CONTROL \\\ ee precision snap-action switches are pictured and described in 
. Deflection of lever detail. Ask for your free copy of Catalog No. 60. 
lathe carriage 2 by dog or cam 
ct Lo 
ee . operates roller READY SOON — Aircraft and similar applications of Micro 


Clad Mi : P. _—— as 
ge Switch y = arm of precision Switches covered in new Catalog No. 70. 
end of travel. OY g 02 Limit Micro Switch. is a trade name 
Copyright 1942, Micro Switch Corporation indicating manu 


facture by Micro 
Switch Corpo- 


MICRO (ws; SWITCH ~ 


EPORT. Illinois by Micro Switch Corporation Sales Offices: New York, Chicago, Boston 


Micro Switch 
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ABART QUALITY—No Extra Cost! 


For Precision Instruments, Machine Tools, and Larger 
Machinery. 


ABART Gears last longer—mean fewer replacements— 
add to PROFITS by reducing maintenance. SERVICE 
and MONEY-SAVING that “mesh” perfectly. 

No stocks. Made only to your requirements. Send speci- 
fications for estimate. 


ABART SPEED REDUCERS — Many types and sizes in 
stock. Write for Catalog. 


GEAR AND MACHINE CO. 


MANUFACTURERS OF 


Speed. Reducer Sear» 





4871 WESTI6' ST CHICAGO ILLINOIS 








OUTSTANDING BOOKS ON 


DRIVES «0 
CONTROLS 


Diesel Engines—Theory and Design 





by Howard E. Degler ........ .$2.50 
Direct-Current Machinery 
by Thomas C. McFarland ...... 4.00 
Theory of Application of Electron 
Tubes 
by Herbert J. Reich ........... 5.00 
Fractional Horsepower Electric Mo- 
tors 
wo. G& vee .............. oR 
Motor and Control Applicatio 
by Geo. H. Hall.............. T@® 
Standard Gear Book 
by Reginald Trautschold ...... 3.00 
Available from 
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Penton Building 























through a compression spring, so that an increase ie 
of torque or pull of the belts on the grooveg rim 
compresses the spring and produces relative move. 
ment between rim and hub. This movement ap. 
tuates a sensitive switch which causes the pilot 
motor (electrically controlling the speed-changer) 
to slow down the blocker, thus maintaining a cop. 


stant strip speed. 


The torque sheave can be 


adjusted while in motion to provide for varioys 


tensions. 


A-C Drive Simplifies 
Speed Control 


By L. W. Herchenroeder 


Westinghouse Electric & Mfg. Co. 


ETAL cutting band saws require a wide 
speed range drive in order to use the saw 
blade at the most efficient speed for dif- 

ferent kinds of material. This application is a 
“natural” for the alternating current adjustable 
speed drive because of its low cost, 10 to 1 speed 
range, simplicity and convenience. 


sists of a unit frame motor-generator set, a two- 
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The drive con- 
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Mechanical 
i Speed Changer 









2 Speed Squirrel 








Cage Motor —— 





Lowet Wheelof 
Band Saw —>+ 
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horsepower gearmotor, a magnetic linestarter with 
a two button pushbutton station, and a speed 
No exciter is needed. 

One of the features of this drive is the mounting 
of the lower wheel of the band saw directly on the 
shaft extension of the gearmotor, thus eliminating 
the extra bearings and coupling that otherwise 
would be required. The motor-generator set, being 
of the unit frame construction, has no bedplate and 
may be installed as easily as an ordinary motor 
at any convenient place, usually at the side of the 
band saw. The entire speed range is obtained by 
a single rheostat mounted on the frame ; 
band saw where it can be conveniently ad 


adjusting rheostat. 


by the operator. 


Overload protection for the drive is prom 
by the standard overload relays mounted in 
In addition a thermoguard is 


linestarter. 


the direct-current driving motor. pS 
the motor in case of overheating due to oper@ 
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Double P&duction worm gears far 
elabalale Maehiohililem oliohiielaury four: of 
119.583 ratio and four of 133.25 
ratio from 1750 r.p.m. motors 





ing in an even flow of torque and 
_ great strength. ¢ Both motor and 
driven machine are saved the impact 
f gear or s ‘et teeth. Frequently 
eee hy Sadicakd. Gc the mer 


WORM GEAR DIVISION 


of the De Laval Steam Turbine Co., Trenton, N. J. 


TURBINES TEAM 
LACEMENT MOTOR-MOUNTED 


BLOWERS ond COMPRESSOR 
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at excessively low speeds and continued overload. 

This drive has several advantages over the com- 
bination of a two-speed squirrel cage motor and 
a mechanical speed changer. The mechanical de- 
sign of the band saw is considerably simplified 
because no bearing, shaft or sheave is required 
for the lower wheel. The belt drive and mechanical 





e— //nestarter 


AC to DC Motor- 
/ Genera tor Set 


Pushbutton 5] 


Station 

















Speed 
Adjusting 
Rheostat 


Lower Wheel of Band 
Saw Mounted on low 
Speed Shaft of 


enerator 











ae + 
Generator 




















speed changer are eliminated which decreases main- 
tenance, saves space, and improves the appearance 
of the machine. The operation of the machine 
is more convenient as the entire speed range may 
be obtained by adjusting one conveniently located 
rheostat instead of having several adjustments as 
is necessary with other types of drive. A compari- 
son of the first and second illustration indicates 
the extent of the simplification achieved. Absence 
of any mechanical interconnection between units 
of the controller promotes flexibility in installation. 


Streamlined for Protection 


VIDENCE that the airplane industry has 

plenty of company in the progressive develop- 
ment of military models is provided by the illys. 
trated medium tank built by the American Loco. 
motive Co. In contrast with the sharp corners and 
riveted upper and lower hull of the earlier model 
this new development is cast steel, characterized 


by rounded contours capable of deflecting enemy 
shells. Increased speed of assembly and lessened 
machining requirements provide the combined ad- 
ditional advantages of faster production and the ° 
conservation of machine tool facilities for other 
much needed armament equipment. 











Monster from Mars? 


Fluid Drives for Industrial, 
ama 


Marine and Automotive Use 


Monster from Mars? No. A gargantuan earth 
leveller for building and levelling airplane land- 
ing fields . . . Another product of American 
industry in the big parade to Victory. Like so 
many of the new and improved products of 
American inventive and industrial genius, this 
giant grader has American Blower Fluid Drive. 
The trend to Fluid Drive continues, too, in many 
such time-proved applications as Diesel motor- 
ships, pumps, fans, conveyors, excavators, trucks, 
oil drill rigs, etc. If you are looking to the 
future, plan to include American Blower Fluid 
Drive in your new or proposed products. 


AMERICAN BLOWER 


HYDRAULIC COUPLING DIVISION 
DETROIT, MICHIGAN 


Division of AMERICAN Radiator and “Standard” Sanitary Corporation 
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JONES-LEMLEY FRICTION CLUTCHES 


ONES-LEMLEY friction clutches are 
built for a broad range of shaft 
sizes and ratings in both enclosed and 
open types for sleeve and coupling 
work. In addition they are available 
in a line of Jones-Lemley friction clutch 


pulleys. This clutch modification is 
also used for gears, V-belt sheaves, 
sprocket wheels, etc. Sizes, ratings, 
dimensions, prices and other data are 
contained in Bulletin No. 60. Your re- 
quest will bring a copy. 











W. A. JONES FOUNDRY & MACHINE CO., 4413 Roosevelt Rd., Chicago, Illinois 


HERRINGBONE — WORM— SPUR—GEAR SPEED REDUCERS e@ PULLEYS 
CUT AND MOLDED TOOTH GEARS e Y-BELT SHEAVES e@ ANTI-FRICTION 
PILLOW BLOCKS e@ FRICTION CLUTCHES @ TRANSMISSION APPLIANCES 





NOTHING TAKES THE SHOCK 
LIKE RUBBER 


THAT'S WHY THIS 
DIRECT DRIVE COUPLING 
IMPROVES PERFORMANCE 

Pa‘ OF RESILIENTLY 
a MOUNTED MOTORS 


Features rubber cushion, 
made with exclusive oil- 
resisting treatment. 
Gripped permanently by 
die-cast ends. 
Custom-made in various 
degrees of flexibility, en- 
b gineered to job. Splined 
sleeve or standard types. 
Mert any length from 
2-1/2” up. Bores 5/16", 
oe 7/16‘and 1/2”. Amaz- 
ingly simple construction. 
No parts to get out of or- 
der, become noisy,or need 
replacement. More thana 
half million in service. 


SAMPLE FOR TESTING ON REQUEST 
GUARDIAN FLEXIBLE COUPLINGS 


212 E. MICHIGAN ST. 
MICHIGAN CITY, IND. 
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MINTATORE aoa 
» 


A complete line of dependable “Flea Power” and small 
Fractional Horsepower A.C. and D.C. Motors. Direct 
drive or back geared—almost any speed, torque and 
voltage. Skeleton or cased models factory-adapted or 
specially designed to exactly meet your requirements. 
Hundreds of thousands in_ use. 
Prompt deliveries, one or a million 
on priority orders. 
Write for Motor Catalog or send 
specifications for our expert recom- 
mendation. 







































4 cyl., V-type Engine. 
Other types and sizes: 
1 and 4 cyl., 1 to 35 hp. 


“Old enough to vote”, in terms of continuous 
production and development, Wisconsin heavy- 
duty air-cooled engines have also definitely 
come of age from the standpoints of industrial 
recognition and acceptance. 


It has taken the hard proof of service, under the most try- 
ing operating conditions, in many lines of industry and 
power applications . . . to convince designing engineers, 
equipment manufacturers, and tough-skinned users that AIR- 
COOLED ENGINES, properly designed and built, cause less 
trouble and provide higher productive capacity than any 
other type of internal combustion unit within 35 hp. limits. 


More than 300 machine manufacturers use Wisconsin 
Heavy-Duty Air-Cooled Engines as standard power 


ISCONSIN MOTOR 


Corporattien 
MILWAUKEE, 





Model VE-4, 22 hp., 


WISCONSIN, U.S. A, 


World's Largest Builders o Heavy-Duty Air-Cooled Engines 
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Pullmore Multiple-disc Clutches — 
Made in single and double types, for oper- 
ation in oil or dry; in many capacities 
from 1 to 75 h.p. at 500 r._p.m. Widely 
used in machine tools, automatic and 
semi-automatic processing machinery, in- 
dustrial trucks, hoists, and other applica- 
tions requiring a compact, inherently 
balanced, multiple-disc clutch with smooth, 
easy, quick action. Pullmore Clutches 
are sold by Morse Chain Co. offices in 
principal cities. 





Turret lathe has two 


Single-type Pullmore 
Controls hydraulic 
lift in this industrial 
truck. 








Farm Implements 














Rockford Drilling Machine Division 
Borg-Warner Corporation 


V 304 Catherine Street, Rockford, Illinois, U.S.A. V _ 
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Rockford Clutches Simplify Machine Designing 


Rockford Industrial Clutches are easily incorporated in machine layouts 
for a very large number and variety of applications. Made in Spring-Loaded, 
Over-Center, and Multiple Disc types; each in many standard sizes, they 
are compact, efficient, reliable, durable, economical to install and to use. 


Rockford Plate Clutches — Made in 
Spring-Loaded and Over-Center types, for 
operation in oil or dry, in standard sizes 
to 80 h.p. capacity at 100 r.p.m. Spring- 
Loaded type works like an automobile 
clutch; Over-Center type locks in and out 
of engagement, has patented roller-cam 
action. Have excellent performance records 
in tractors, power units, trucks, cranes, 
shovels, concrete mixing, road-working 
and other types of equipment. 





Rockford O-C Clutch 







































TracTracTor has 





Rockford Power Take-Offs fit S.A.E. Housings, [7 2 + iy o-c Chith 
Single Pullmores in take any suitable clutch. i Rockford 
spindle drive. } | in main drive. 
Consult our engineers, without obligation, on new 
applications of standard Rockford Clutches. j <« Sin gle-type Pull 


more in crankshaft 
lapping machine is 





Pullmore Multiple-Disc Clutches v Over-Center and Spring-Loaded Clutches + Power Take-Offs 
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Stabilization—Not Stagnation! 


S KNOWN by every alert machinery manufacturer, design is never static. 
A Dismal failure has attended the efforts of some builders in peacetime to 

freeze their designs for too long a period. Competition plays havoc 
with a producer who, feeling he has virtually a monopoly, clamps down on 
design changes and improvements because his meager knowledge of market 
conditions has blinded him to realities. 

A happy medium in this connection is struck by the machinery builder 
who stabilizes his design just long enough to enable him to keep ahead of 
competition and at the same time put into production sufficiently large 
quantities to realize a profit. Few better examples of this action could be 
cited than the automobile industry, foreseeing market requirements yet 
stabilizing in most cases on.a new model each year. 

To meet the demands of the War Production Board for “production now”, 
such stabilization has already taken place in the design of American armament 
equipment and the myriad types of machines for producing and supporting 
it. Rate of production will depend to a considerable extent on the job designers 
have done thus far in developing equipment that can be produced on a scale 
that not even labor stoppages, shortage of skilled manpower, restrictions on 
materials or other delaying factors can seriously affect. 

It is that kind of production which will go a long way toward victory— 
only such design changes being made as will enable manufacture to go ahead 
even faster. Then will come the need for new “models”. Reports of actual 
performance on the field of battle, supplemented by the embryo designs already 
on the board, should give every opportunity for design ingenuity to push 
American equipment way out in front. The present plans of the country’s 
largest builders of armaments to place engineer-observers near the battle 
fronts is clearly a step in this direction. 

Production now, with design development for even faster and better 
production later, is the order of the day. Initially, the responsibility for 
ultimate success rests with the designer. If the designs thus far produced 
could not be turned out fast enough, or if new developments did not far exceed 
those of the ‘Axis in performance, the war might well be lost. 

But those things are not happening, nor will they. The god of war 
depicted in the cartoon on the preceding page wants to know how good we 
really are in a war of machines. American engineers will show him! 


i pale 












Designing Mountings 


for Rubber Under Shear _ 


By Elmer Latshaw 
J. G. Brill Co. 


NEE for a simplified method of designing rubber springs 

has prompted the development of nine sets of formulas 
covering nine characteristic types of rubber mountings. These 
will be presented in data sheet form in two parts, beginning 
in this issue on Page 175. To facilitate design calculations the 
various formulas have been simplified to close approximations 
which, however, should easily satisfy the requirements of most 

practical engineering applications 


LL of the springs considered in the 
A following involve rubber stressed in 

shear, this being the desirable mode 
of stressing to give large deflections. The 
rubber is bonded to steel plates or tubes 
which serve to mount the spring and deliver 
the load to the rubber area. Such a spring 
construction will guide the supported load in 
a frictionless manner. 


Since the energy that can be stored in any 
spring varies as the square of the stress, it 
is desirable to work to the highest value 
which will give satisfactory life. Low stress 
gives low efficiency, making the unit heavy, 
large in size, and more expensive. 


Parallel shear units like Figs. 1, 2, 3 and 4, 
carrying a load continuously, should be 
limited to 25 pounds per square inch based 
on the static weight supported. If the load 
varies, the limit should be 35 pounds per 


Square inch based on the maximum static 
load. 


For torsional units like Figs. 5, 6, 7, 8 and 
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9, subjected to a continuous torque, a good 
limit is 50 pounds per square inch. If the 
torque varies widely as in an automotive 
driveshaft, then the limit is 70 pounds per 
square inch based on the maximum torque 
that can be developed. Torsional springs can 
be stressed higher than the parallel shear 
type because the bond area under shear is 
continuous, unbroken and free of stress con- 
centration. 


Energy Varies Inversely as Modulus 


The energy stored in a spring also varies 
as the reciprocal of the shear modulus. Ap- 
proximate relations between rubber hardness 
and shear modulus are given in Table I. 


This tabulation covers the practical range 
of rubber spring grades, 30 durometer being 
the softest commercial stock; the high 
modulus for 60 durometer establishes this 
as an upper limit. In the interest of high 
efficiency, the softer grades are preferable. 
When preparing a design for a new applica- 
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tion it is safer to make use of 40 to 45 dur- 
ometer hardness; then, should the deflection 
be insufficient, a softer grade could be sub- 
stituted and complete redesign of the spring 
or machine avoided. 

A variation of plus or minus 5 per cent in 
the deflection or shear modulus is to be ex- 
pected. The rubber manufacturer should be 
given time to experiment with compounding 
and cure techniques for new designs, other- 
wise greater variations may be expected on 
the first pieces made. Working drawings 
should specify the nominal durometer hard- 
ness, but the tolerance should be specified 
on the deflection only. Include on the draw- 
ings a complete description of the loading 
conditions; also give tolerances on all di- 
mensions involved in mounting the spring on 
the machine. 


TABLE I 


Rubber Hardness vs. Shear Modulus 


Shear Modulus 
(lbs. per sq. in.) 


Hardness 
(Shore Durometer) 


Thickness of the steel plates to which the 
rubber is bonded will be determined by end- 
load bearing area and the bearing value for 
mounting bolts. Plates must be heavy enough 
to avoid distortion or flexing due to trans- 
mitting the load to the rubber, and to counter- 
act rapid deterioration by rust or other cor- 
rosive attack. 

Thickness or least dimension of the rubber 
should not exceed 2 inches, otherwise diffi- 
culty may be experienced in accomplishing 
uniform and complete cure throughout the 
volume. If the required deflection calls for 
greater thickness than 2 inches, two or more 
units can be used in series. 


Protect from High Sompentaes 


High temperature and oil have a deteriorat- 
ing effect on rubber. Beyond 120 degrees 
Fahr. the weakening effect of temperature 
becomes noticeable and 150 degrees Fahr. 
must not be exceeded. Oil attacks rubber, 
making it soft, sticky and weak, so protection 
against oil is essential. A rubber spring unit 
should give from 5 to 10 years life with 


proper stress limits and protection from high 
temperature and oil. 

Rubber is a good electrical insulator. When 
electrical machines are supported on rubber 
springs it may be necessary to provide flexible 
shunts for insuring personal safety or for 
completing the electrical ground circuit of 
the machine. This should always be investi- 
gated to obviate trouble due to electric cur- 
rents following unintended paths and dam- 
aging bearings or other parts. 

A similar set of design equations is given 
for each type of spring and numbered alike 
for reference. Equation 1 serves to define 


Nomenclature 


A= Rubber bond area, square inches 
D= Deflection, inches 

E= PD=2Xwork stored, inch pounds 
e= Base of natural logarithms 


G= Shear modulus of rubber, pounds per 
square inch. 


= Height, inches 

= Height, inches 

= Height (variable) inches 
Radius factor, pure number 

= Function of k, pure number 

= Function of k, pure number 

= Load, pounds 

= Shear stress, pounds per square inch 
Radius, inches. 
Radius of torque, inches 
Rubber thickness, inches 
Torsional deflection, degrees 

V= Rubber volume, cubic inches 


%2= Variable radius, inches 


the shape of the rubber, this being important 
in certain cases. Other equations are listed 
in the order usually required when preparing 
a design. Equation 10 is included to give 
an idea of relative efficiency for each type. 
The energy stored is dependent on the volume 
of rubber, stress squared and shear modulus; 
also a term m/n the value of which depends 
on how uniformly the volume of rubber is 
stressed. If the m/n term is not present in 
Equation 10 the stress distribution is uni- 
form, or m/n is equal to unity. 
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(7) 
(8) 


(9) 


(10) 


Fig. 1—Representing the general case con- 
sisting of a flat slab of rubber bonded to 
parallel steel plates, the area can be of any 
suitable shape such as a square, rectangle 

or circle 


(6) 


(7) 
(8) 
(9) 


(10) 


(11) 


Fig. 2—Height of the rubber is proportioned 
to give uniform area in shear at any radii, 
hence the unit stress is uniform throughout 
at the bond surface on both 


the rubber and 
- metal tubes 


Part I 


P= Aq 


A=Depends on geo- 
metric shape in 
width and height 
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q= 
rm 


Prm 
D= 
AG 


P= Aq 


A=2rrH 
~~ Fig. 3—Bond areas on both metal tubes 
or ws are equal. The edge of the rubber 
is follows a straight line and the excess of 
Gon rubber gives lower shear stress in the 
_ 2k log. k rubber at intermediate radii 
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t=(k—1)r 
DG 
q= 
rm 
Prm 
AG 
P=Aq 
A=2rrH 


V=Arn , i ; 
ev «= Fig. 4—Since the unit is of uniform 
eis height, the bond area on the inside tube 
Gon is the smaller. Stress is greatest at the 
m=log. k inner tube and diminishes toward the 
outer tube giving rather low efficiency 


CHa RNO 


D= 


E= 


r 
~ 


Fig. 5—Height of 
the rubber is pro- 
portioned to give 
uniform shear 
stress atany radii 
in the rubber and 
at the bond areas 
on both tubes 
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‘the MANUFACTURER 
yith VISION for TOMORROW. 





y- sep 


JOHNSON BRONZE 
Can help you TO DAY 


@D War has interrupted normal business 
but it hasn't stopped thinking . . . and plan- 
ning for tomorrow. Leading manufacturers 
in every line of products are now seeking 
new ways to improve... to cut costs . . . to 
increase performance. ‘All this is possible 
with the right type of bearings. 

Why not ask a Johnson engineer to review 





JOHNSON BRONZE COMPANY 
C/feeve BEARING HEADQUARTER 


your bearing applications? Chances are ten 
to one that he can make a worthwhile 
suggestion .. . a recommendation backed 
by more than 30 years exclusive bearing 
experience. As we make ALL types of 
sleeve bearings, we hold no prejudice 
for any one kind. Your inquiry carries no 
obligation. 


525 SOUTH MILL STREET « NEW CASTLE, PA. 
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Aircraft Reverse Current Cutout 


EIGHING less than two pounds and perform- 

ing the same function as an automobile cut 

out, a new aircraft reverse current cutout has been 

announced by 

Westinghouse Elec- 

tric & Mfg. Co., 

East Pittsburgh, 

Pa. It permits the 

flow of generator 

current to the stor- 

age batteries when 

the generator volt- 

age is great enough 

to charge the bat- 

teries, but discon- 

nects the two units 

when the voltage drops below the charging point. 

By thus breaking the circuit, the cutout avoids 

wasteful reverse current which would flow out 

of the battery and diminish the small store of 

power. Added advantages are greater accuracy, 

more current capacity and special construction to 

withstand shocks and vibration caused by the pow- 
erful main engines. 


Aircraft Motor Announced 


ITH a horsepower rating of 1/16 at 1500 
revolutions per minute, the E2Y1PC aircraft 
motor of Dumore Co., Fourteenth and Racine 
streets, Racine, Wis., incorporates a magnetic clutch 


and brake in its design. Clutch disengages arma- 
ture from gears at the instant the circuit is opened 
and the brake brings the output shaft to a stop 
in a fraction of a second. This motor is available 
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in twelve modifications. It can be supplied with 
the basic motor only; basic motor with clutch: 
basic motor with single or double gear reductions; 
and basic motor with single or double gear redye. 
tions and magnetic clutch. Overall length of the 
motor is 8 inches; weight, 4 pounds. Other ayail- 
able ratings are % horsepower at 1500 revolutions 
per minute, 1/10 at 200 revolutions per minute, and 
% horsepower at 200 revolutions per minute. Mo- 
tors are now used for applications such as cowl 
and wing flap controls, oil cooler controls, and aerial 
camera controls. 


Air Circuit Breakers 


N ACCORDANCE with the present trend of in- 
corporating, as integral parts of resistance weld- 
ing machines, devices for protecting, controlling 


and timing, General Electric Co., Schenectady, 
N. Y., has brought out its new line of air circult 
breakers. Those offered for this purpose are desig 
nated as Types AE-1AY1 and AE-1BY1. They a 
metal-enclosed, built to fit behind the steel panels 
of the welder, and can be removed easily for 
spection by unscrewing two screws in the breaker 
case. Power is entirely disconnected from breaker 
when removed. Breakers have a wide range 
calibration, offering choice of trip settings W 
provide full protection and allow maximum ou 
of tube. The unit can be arranged to open the cir 
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In every branch of Uncle Sam's 
Armed Forces you will find 


LK’ fos atop slog mm @lblodb ba aielo solo mmo sete! 


POR TRENT a 







Permanent Mold Aluminum 


AOE B 


Castings. Because of our long 
4 ofS ul-seler- Mabe Mbeclod obelomrogblodbbag 
products, we were selected to 
produce castings for every 
Joy cob oXed oMe) Ml Ob eLol (-Molotee lt 2b ae el-Te 
| oy cor-\- Pw. We folole Bdebbelom omu-seel-peets 


ber when normal times arrive. 


NATIONAL Your Source of Supply 


FOR SAND AND PERMANENT MOLD 
ALUMINUM CASTINGS 


THE NATIONAL BRONZE AND ALUMINUM FOUNDRY CO. 


Twin Plants, Cleveland, Ohio 


NEW YORK, 11] Broadway CHICAGO, 188 W. Randolph 
DETROIT, Stephenson Bldg. LOS ANGELES, 405 S. Hill 
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cujt in case of undesirable conditions such as “low 
voltage” or no “water flow,” and also to close the 


circuit remotely by means of a Pushbutton. 
Custom Made Lock Washers 


VER 100 custom-made lock or thrust Washers 
are being produced by Dayton Rogers Mfg 


a2 | Al re Co., 2830 South Thirteenth street, Minneapolis 
: under a special die 


@ 

f iv 5 stamping process, at 
a comparative cost of 

: : about five or six 
hand-made ___ipieces. 
This process assures 
absolute duplication 
throughout the en- 
tire lot. The washers 
are available in sizes 
of % to 12 inches in 
diameter of any sheet 
alloy that will lend 
itself to conventional 
die stamping of sheet 
metal parts. Washers 
are stamped on spe- 2 
cial compound piercing and blanking die assuring a 
duplication of all blanks and pierced holes and © 
slots. 














New. Switch for Aircraft 





° ° ESIGNED to meet the requirements of U. §. 
and that is the perf ormance given by Air Corps specification 94-32249, the Mu 


Switch Corp., Canton, Mass., announced recently 
E } I Pp E its new switch, with wide contact spacing mounted 
in a cadmium-plated steel bracket to which is 


attached an over-travel plunger mechanism having 


a pretravel of 1/16-inch minimum and an over- 

travel of %-inch, plus or minus 1/32-inch. One 

pound minimum, and eight pounds maximum pres- 
SEAMLESS FLEXIBLE METAL HOSE 


Its use increases with every new application. 
So far it is firmly established in the manufac- 
turing, mining, power generation, plastics, tex- | 
tiles and many other fields. Eclipse Aviation | 
seamless flexible metal hose is produced from 
specially selected seamless alloyed metal tub- 
ings, and will absorb shocks and bends without 
impairment for long periods of time. We will 
be glad to send you pertinent bulletins on our 
flexible metal hose. 


Manufactured and Sold by 


BENDIX AVIATION CORP., PHILADELPHIA, DIVISION 
4709 Wissahickon Ave. ‘ Philadelphia, Pa. © 


x 








sure is required to operate the switch over be» 
entire operating range. Electrical rating of swit 


is 25 amperes at 28 volts direct current, 17 amperes 
\\ at 125 volts alternating current, and 8.5 amperes 
at 250 volts alternating current, noninductive loads. 
Wiring connections can be supplied normally ope 
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normally closed, and single-pole, double throw 


Special mounting lugs are provided on bottom of 
switch to permit use of ring type wire connectors 
| Chawvacteristics and dimensions of the over- 


travel 
plunger mechanism can be changed to adapt this 


WIT ‘a | >.4 TR y-Ye)°, DB) | N A RY new switch assembly to practically any type of 


application. This construction is superior inasmuch 


A DVA a | T A C7 3 S as over-plunger mechanism is mounted on the steel 





bracket instead of directly on the bakelite switch 
as before. 


Contacts Coated with Silver Solder 


Y THE use of solder-flushed contacts supplied 
by Gibson Electric Co., 8355 Frankstown ay- 
enue, Pittsburgh, considerable saving in production 
time when making electrical contact assemblies is 
possible. An operator in some cases can double 
the number of contact assemblies brazed in a given 


[omen CONTACT 
' amcacemane. SILVER 


SOLDER 


(pm) CONTACT 


SOLDER-FLUSHED 











One kind of fitting for 
all kinds of tubing 


e Safe under high pressures 
e Great resistance to effects of 


TERMINAL 











time by using solder-flushed contacts. The con- 







vibration | tacts, coated on one side with silver solder, are ap- 
lied immediately to the terminal and brazed in an 

* 1 Pp ormil 
Holds asec beyond the burst | electric welder, thus eliminating the extra opera- 
strength of the tube itself. | tion of placing a separate piece of solder between 






the contact and the terminal. A uniform distribu- 


tion of solder in the joint between the contact and 
| the terminal is assured. Use of the solder-flushed 
| contacts permits brazed joints to be used in con- 
| tact assemblies. The solder-flushed electrical con- 


| tacts can be supplied in practically all grades of the 
/ company’s powdered metal contacts, and in silver 
' and silver alloy contacts. 


Ermeto fittings have wide applications on hydraulic ' . 
lines, oiling and steam systems and water, steam, Direct-Connected Rotary Pump: 
gas, fuel and air lines. 


















| mage in production recently at the Blackmer 
Pump Co., Grand Rapids, Mich., is a new com- 
plete line of direct-connected rotary pumps known 


THE WEATHERHEAD COMPANY e Sevens, Gale as the “D-C” line. These pumps are — 
in standard capacities of 5, 10 and 20 gallons pe 


minute, and for pressures up to 100 pounds per 
square inch. At an operating speed of 1800 revolu- 
tions per minute the pumps deliver rated gallonage- 
To obtain lower capacity, motor speeds of 1200 or 


900 revolutions per minute may be pape 
Pump is mounted on bedplate with flexible coup ing 





Write for samples and complete details 








TIES 
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Gathering, editing and distributing 








INFORMATION for users of alloys 





f 


| Flekd offices df the = 


Development and Research Division 


C—Distributor’s Casting Service Centers 


Sia 


® 
* 





To aid users of Nickel alloys, thirty 
service centers are maintained in 
industrial areas. From these strateg- 
ically located key points, our field 
representatives are on call to advise 
American industry about the selec- 
ton, fabrication and uses of ferrous 
andnon-ferrousmaterials. Assistance 
18 also given on problems arising 
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from the temporary lack of Nickel. 

Through the years, research, field 
studies and user experience have all 
contributed to a fund of practical, 
time-proved information. Many of 
these data have been compiled in 
convenient printed form, useful 
both to experienced men handling 
new materials or performing un- 


int at 


ICKEL 


- 





ane 
: 2 


familiar operations...and to the 
many new employees. 
Now...when minutes and ma- 
terials are so vital... make full use of 
this metal-working experience. Send 
for a check list of helpful printed 
pieces on the selection, treatment, 
fabrication and use of Nickel alloys, 
or send your specific questions to: 
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| for direct connection to an electric motor, steam 
turbine or gasoline engine. Available also are 
pumps for belt drive complete with tight and loose 
pulleys and belt shifter. These pumps are furnished 
only for use as original equipment on various types 
of machines. Compact size of pump requires very 
small mounting space. Two large bearings, one on 
either side of rotor, are both designed for substan. 
tial overload and maximum shaft rigidity. Pack. 
ing is %-inch square braided asbestos. Another 
feature of the bearing and gland construction js 
drain passage whereby vacuum is maintained on 


Seeeiiell 


n-a-+ 








m~eawmade BY 


| — a 





the stuffing box, thus reducing leakage through 
gland. Pumps are self-priming and positive dis- 


ORGINGS like this don’t just happen. placement, and are suitable for suction lifts of 27 
They're the result of knowledge, experi- feet, provided liquid does not vaporize under vacu- 
ence, and good engineering. This particular um or pressure. They are not recommended for 
yoke, forged from carbon steel, is used in handling liquids having temperatures in excess of 


250 degrees Fahr., but at lower temperatures will 
handle practically any clean liquid. Models DC-10 
and DC-20 pumps can be furnished with built-in re- 


the pole line hardware field. According to 
the specifications, the socket on the larger 


end had to be closed so that a pin or button lief valves which are of ample size to by-pass en- 
would slip in freely and yet would be held tire capacities at low pressure settings, even when 
so that it could not escape when tension was handling viscous liquids. DC-5 type pump can be 
applied. And Phoenix is turning them out supplied with a separate relief valve. 


exactly to specifications. 


Air Heater Introduced 


a ESIGNED for temperatures of from 750 to 
IU SA LAG: vy PHOENIX 1150 degrees Fahr., Westinghouse Electric & 

———— Mfg. Co., East Pittsburgh, has brought out its new 
air heater for heating ovens or furnaces used in 
annealing of aluminum, glass and other materials. 
A problem? Certainly — but not too tough The unit has a heating element consisting of a one- 
for Phoenix. For Phoenix engineers are con- piece nickel-chrome ribbon, spirally wound around 


fronted with just such problems almost every heavy porcelain insulators. Rating is 5 kilowatts 
day. And they solve them, too for operation on 220 volt circuits. Complete heater 











Perhaps you have a forging problem. If you - a 
have, it's a pretty safe bet that a Phoenix en- 

gineer can give you the right answer. In any ene 
case it won't cost you anything to find out. | iil ll ii 











Just write Phoenix — today. | ul Ml Mt ! | : | 


PHOENIX MANUFACTURING COMPANY 











Catasauqua, Pa. 


Phoenix. Products Wean Quality i | J 
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HECK these advantages of the Torrington Needle 
(’ Bearing—advantages that have been tested and proved 
ds of applications—and see how every feature can 


in thousan ‘ . a ¢ 
ns fill a wartime need in your product designs. 


be utilized to 
1. The Needle Bearing is available for prompt delivery on 
priority orders, in the standard sizes and designs that are 
most practicable today. Production capacity at Torrington 
has been expanded to care for all essential requirements 
with the promptness you need to maintain your manufac- 
turing schedules. 

2, It is easy to install, ideally suited for high-speed pro- 
duction line methods. Built as a single compact unit, the 
Torrington Needle Bearing is pressed into place in the 
housing in a quick, simple operation. 










EVERY FEATURE 


a ee 
> fies 


RTIME NEED 


3. It conserves materials in other parts of your product de- 
sign. Because the bearing’s outside diameter is small in 
proportion to capacity, you can use small-diameter hous- 
ings, requiring less material. 

4. It improves product performance and reduces power re- 
quirements, because of its low coefficient of starting and 
running friction. 


5. It needs little attention in service. As a result of its effi- 
cient system of lubrication, only occasional renewal of 
lubricant is necessary. Its high load capacity assures long 
bearing life, even in continuous operation under heavy loads. 


Let a Torrington engineer show you how this unusual 
bearing can help you key your designs to wartime condi- 
tions. For details, wire, phone or write for Catalog No. 109. 


THE TORRINGTON COMPANY 
TORRINGTON, CONN., U.S.A. © Estab. 1866 
Mokers of Needle and Ball Bearings 
New York Boston Philadelphia Detroit 
Cleveland Chicago Los Angeles Seattle 
San Francisco Toronto London, England 





BEARING 





ELIMINATION OF WEAR 


LIGHTNESS IN WEIGHT 





Torrington Needle Bearings reduce 
Power consumption in the ‘‘Lock- 
former” line of sheet metal working 
po eee - ben with thousands of 

caines in daily use over a five-year 
Period, bearing replacement has " sed 
negligible. Compactness of the bear- 
1Ns is an additional advantage. 


THE LOCKFORMER COMPANY 





TheNeedle Bearing’s low coefficient of 
friction virtually eliminates wear in the 
control column of the CESSNA T 50. 
Replacement costs are kept to a mini- 
mum at points where Needle Bearings 
are used, which include landing gear, 
aileron hinge, and wing flap hinge. 





CESSNA AIRCRAFT COMPANY 





Light weight and small size in propor- 
tion to power rating are outstanding 
features of air-operated portable tools. 
Compact, high-capacity Needle Bear- 
ings aid in attaining these desirable 
features in this impact wrench manu- 
factured by Ingersoll-Rand Company. 


INGERSOLL- RAND 
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MANUFACTURING CO. 
1450 North Lafayette Street 
VALPARAISO, 
















is 2% inches thick and requires space of 12 X 33 
inches for mounting. 


Tubing for Electrical Insulation 


— for use as electrical insulation jp 
the electronic, instruments, aircraft, electrical 
appliances and power industries, the new fibron- 
ized Koroseal tubing, developed by Irvington Var. 
nish & Insulator Co., Irvington, N. J., has inside 
and outside smoothness, exceptional elasticity and 
close manufacturing tolerance. The tubing is re. 
sistant to acids, alkalis, solvents and heat, is fire. 
proof, and possesses an insulation resistance of 
infinity after 16 hours at 90 per cent R.H. and 105 
degrees Fahr. As a result of the A.S.T.M. Test 
of being subjected to 225 degrees Fahr. for approxi- 
mately 1000 hours, it was found to have retained 
its flexibility. Tensile strength of the tubing is 
2845 pounds per square inch, dry dielectric strength 
(.022-inch wall thickness) of 1050 VPM; wet di- 
electric strength (.022-inch wall thickness) of 817 
VPM after 24 hours immersion. The tubing is avail- 
able in all A.S.T.M. sizes and in a variety of colors 
as well as transparent. 


Adds to Line of Motors 


‘ DDED to the line of Tri-clad motors, made 

by General Electric Co., Schenectady, N. Y., 
are three new motors—a vertical general-purpose 
polyphase motor, a 
vertical shielded 
polyphase motor (1 
to 20 horsepower), 
and a vertical 
shielded single-phase 
motor (1 to 5 horse- 
power). The general 
purpose motor with 
its compact, cast-iron 
frame and cover, is 
designed to give ad- 
ditional protection to 
electrical parts, with- 
out adding materially 
to overall height. Ac- 
curate alignment of 
motor to driven unit 
is assured by ma- 
chined rabbets on the stator frame and base. 
Rotating weight and thrust are transmitted to 
base through lower bearing fitted to a one-piece 
base. Bearings are of deeply-grooved type, & 
cased in machined cast-iron housings. Openings 
are shielded tu bar entrance of chips and other 
objects. Grease fittings allow rapid lubrication 
without disassembly of motor. The polyphase 
shielded type motors are available in either solid- 
shaft or hollow-shaft construction, while the 
single-phase shielded type motors are available 
only in solid-shaft construction. Both of these 
are for normal-thrust or high-thrust applications. 
Air is discharged downward at low velocity, permit: 


ee 
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ERE, FLEXIBILITY HELPS SET A RECORD 


rer of this mobile 


geration unit sayS' “The performance records of our units... are infinitely 


better than they would be if this roll out feature 


were not made possible by your flexible tubing.” 





NO HALTS IN OPERATION —To inspect this mobile 
. refrigeration unit made by Waukesha Motor Company 
maintenance men simply roll it out from under the car while 
it keeps operating. American Seamless Flexible Metal 
Tubing makes this possible with a connection that is not 
only flexible but also strong enough to take the licking 
of flying roadbed ballast outside and retain the elusive 
refrigerant on the inside. 


There’s a strength advantage in Ameri- out industry as dependable connectors 

can Seamless Flexible Metal Tubing as for the conveying of oil, steam, liquids, 

well as flexibility. Riding beneath this fast solvents and gases. 

moving streamliner, roadbed ballast Naturally, your government has recog- 
Coe Gis impinges forcefully on the connector’s nized the advantages of American Metal 


JACKET 


€ ONE PIECE CONTINUOUS exterior. But, all-metal construction effec- Hose. Today, it is working almost ex- 
SEAMLESS TUBING 


tively withstands the rigorous service. clusively for our national war effort, di- 
: + orion VIEW - NO SEAMS 


© WELDS, NO PACKING This combination of strength and flex- rectly in giant bombers and indirectly in 
ibility has dictated the use of American helping to maintain uninterrupted pro- 


Flexible Metal Hose and Tubing through- duction in war-vital plants. poem 


AnaGonp: DA 
ai 


A) 
{ERICAN METAL HOSE BRANCH OF THE AMERICAN BRASS COMPANY 


Gener! In Canada: Anaconda American Brass Ltd., New Toronto, Ontario 
ral Offices: Waterbury, Conn. «+ Subsidiary of Anaconda Copper Mining Co. 
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KEEP IT OUT WITH GOOD FELT WASHERS 


The entry of dust, dirt or foreign matter is probably 
the principal cause of bearing failure. The dust being 
kicked up by these tanks would put them out of run- 
ning order in no time, were it not for small, but vitally 
important Felt Washers, which protect the bearings 
by excluding dust, dirt and grit, mud and slush. 

The experience of leading manufacturers of agricul- 
tural machinery demonstrates that a good quality Felt 
Washer, close to the sealing element, not only acts as 
an exclusion agent, but that the wicking of the oil- 
saturated felt provides a clean bearing point for the 
seal, This in turn prevents the loss of lubricant within 
the assembly. 

Engineers, chemists, specification men are invited 
to write us on their company letterheads, for Data 
Sheets #6, “Felt and Lubrication”, #11, “Annular 
Designing and Dimensioning”, and #5, “S.A.E. Felts” 
to help in setting up blueprints. 


American Felt 
Company 


TRADE MARK 







General Offices: GLENVILLE, CONN. 
Sales Offices at New York — Boston — Chicago — Philadelphia — 


Cleveland — Detroit — St. Louis —San Francisco 









PRODUCERS OF FINEST QUALITY PARTS FOR OIL RETAINERS, GREASE 
RETAINERS, WICKS, DUST EXCLUDERS, GASKETS, INSULATING FELTS, 
CHANNEL FELTS, UPHOLSTERY RISER STRIPS, BODY SILENCING 
PARTS, DOOR MECHANISM GASKETS, AND BODY POLISHING WHEELS 
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ting little or no dust disturbance around motor, 
These motors are suitable for outdoor operatign 
except where extremes of moisture, dust, or other 
harmful agents make the selection of fan-cooled 
motors more economical. All frame sizes haye 
common mounting dimensions, making Possible 
interchangeability of many horsepower and speed 
combinations, including single-phase ratings, Mo. 
tors can be rotated to any one of four base pogj. 
tions without modification of supporting structure 


Balanced Hydraulic Valve 





ROVIDING precision control of hydraulic pres. 

sures over 500 pounds per square inch, the new 
valve manufactured by Galland-Henning Mfg. Co, 
Milwaukee, overcomes obstacles such as strenuous 
and tiring valve-lever manipulation and tendency 
toward pressure-locking. Because the hydraulic 





pressure inside of this new type valve is always 
balanced, it never becomes “pressure-locked.” The 
lever can be operated easily from either the “on” 
or “neutral” positions, and as a result greatly 
steps up productivity of high-pressure hydraulie 
machinery and eliminates undue fatigue on the 
operator’s part. There is only one moving part in 
the valve, and this fact together with the simplified 
design, makes it practically wearproof. The new 
valve is built in four sizes to fit most common 
sizes of hydraulic pressure lines, %, %, % and 1- 
inch. 


Extruded Seamless Tubing 


RANSPARENT seamless tubing is being & 
truded in continuous lengths by Extruded Plas- 
tics Inc., Norwalk, Conn., from a cellulose acetate 
butyrate formula of Tenite, produced by Tennessee 
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PRACTICAL DATA FOR PRESENT PROBLEMS 


Here are two books designed to help users of Molyb- 
denum steels and irons to conserve all alloying ele- 
ments, and possibly steel and iron, by getting the 
most in the way of strength, toughness and wear re- 
sistance with the lowest alloy content. 


“a 
MOLYBDENUM IN STEEL” covers the funda- 
mental metallurgy of Molybdenum steels. Heat treat- 


ment — physical properties — applications — of a 
number of these steels are treated at length. 


“MOLYBDENUM IN CAST IRON” covers the ef- 
fect of Molybdenum in gray iron, giving suggested 
analyses for practical applications and detailed dis- 
cussion of high strength (60,000 p.s.i. and up) irons. 

Both books will gladly be sent free on request. 


wT WE OL Yee: 
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for SEVERE 
OPERATING CONDITIONS 


Top flight designing engineers in many varied 
industries specify Ampco Metal, that wear-resistant 
alloy of the aluminum bronze class, as material for 
highly stressed parts. They know by actual ex- 
perience that Ampco Metal lasts from five to fifteen 


times as long as ordinary bronzes. 


Made in six grades with a range of physical properties, 
Ampco Metal is suitable for many varying appli- 
cations. It has high tensile strength, controlled 
hardness and superior resistance to wear, corrosion 
and impact. Widely used for gears, bushings, bear- 
ings, slide plates, wear strips, feed nuts, leadscrew 
nuts, worms and worm wheels,—to mention a few of 


hundreds of applications. 


FOR YOUR EQUIPMENT 
Perhaps you have a troublesome part that is weak 
or failing—causing loss of production time or creating 


customer dissatisfaction. Investigate Ampco Metal 





AMPCO LITERATURE for this application. Our 


Available 
AMPCO METAL, catalog 


engineers are at your 


service. Typical Ampco 
Ampcoloy — Industrial . . ° ° 
ronzes Catalog ‘ literature is listed in the 
Ampco — Trade Coated 


Aluminum Bronze 


Welding Red panel at the left. Write 


Ampco Metal in Machine | for the bulletin that in- 


Ampco Metal in Bushings 
and Bearings 

Ampco Metal in Dies 

Ampco Metal in Acid- 
Resistant Service 

Ampco Metal in Aircraft 

Ampco Metal Centrifugal 
Castings 

Ampco Metal in Heavy 
Machinery 

Ampco Metal in Gears 


terests you. 


AMPCO METAL, INC. 


Dept. MD-4 
Milwaukee, Wisconsin 




















cago. Any number from 1 to 9999 can be quickly set 
up by simply turning knob pointers to proper digits. 
When the predetermined number is reached, a con- 
trol and signal circuit is closed (or opened). 






Eastman Corp., Kingsport, Tenn. This new plas- 
tic tubing is practically unbreakable and may be 
readily bent, formed or curved to fit any condition, 
Weld marks and joints are eliminated in the fabri- 
cation of tubing. Ends may be adapted easily to 
standard flared fittings with similar tools to those 
used for copper tubing. Large diameter tubing, 
with wall thickness of .0625-inch, can be threaded 
with standard thread-cutting tools. The tubing is 
available in sizes up to %-inch in diameter, with 
wall thickness of .035-inch, in long length coils 
as shown in the accompanying illustration. Tubing 
over %-inch in diameter is supplied in 12-foot 
lengths, while 1-inch diameter tubing is expected 
to be available for delivery shortly. 


Silent Mercury Plunger Relay 


OMPLETELY redesigned, the new mercury 

plunger relay has been improved by H-B Elec- 
tric Co., 2530 North Broad street, Philadelphia. 
As a result of the improved de- 
sign, the metal cap and support 
frame that held the mercury tube 
are eliminated, releasing strategic 
metals for the war. The mercury 
tube is made secure by a single 
metal band giving twice the sta- 
bility of the previous design. Area 
for terminal fastening and con- 
necting has been tripled, eliminat- 
ing the danger of tube breakage 
and simplifying installation. The 
unit is available for either alter- 
nating or direct current and is 
rated at 30 amperes, 110 volts at 1 horsepower. 
According to the company, this improved silent 
mercury plunger relay has been tested to 10 mil- 
lion operations without failure. The relay has 
only one moving part. 


Electric Predetermined Counter 


; FFICIENT count controlling can be obtained 
through the _ electrically-operated predeter- 
mined counters developed by Production Instru- 
ment Co., 702-08 West Jackson boudevard, Chi- 
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Pesspiration will not stain it! 


























PHOENIX DEFIES 
moistURE GHOSTS... 


out hands are never dey. 
Penspiration stains ordinary 
tracing cloth, producing 
opaque spots, or ghosts, 
that show 00 blueprints. 
Water splashes make even 
mote disagreeable stains. 

PHOENIX Tracing Cloth 
ol sane —— 
‘ rmore than 10 min- 
oa — without ill effects! 


PHOENIX LESSENS 
sHUDGE GHOSTS... 






The improved surface of 
PHOENIX Tracing Cloth 
permits you to use harder 
pencils (SH and 6H) and to 
get sharper lines with less 
tendency to smudge. 

Result: cleaner tracings 


: THIS NEW TRACING CLOTH /s 


=  GHOST-PROOF ! 


Here is a new kind of tracing cloth that won’t show perspiration 





















PHOENIX REDUCES 


EMISURE GHOSTS stains or water marks — that holds pencil smudges and erasure scars at 
Ordinary tracing cloths be- a minimum. Now you can have clean tracings, in pencil or ink, free 
come scarred when erased. > Ma is : 

irued spots produce ghosts from these untidy “ghosts” that reproduce on blueprints! 

on the blueprints. 


qe For PHOENIX is ghost-proofed by a remarkable new process that 


ee oniain, defies moisture, and gives you an unusually durable working surface. 
You -an use harder pencils with this improved cloth and get sharper 
lines with less tendency to smudge. Even 6H pencil lines show 
clearly, and reproduce sharply! Erasing does not mar the drawing 
surface; erased areas take pencil smoothly—and ink without feather- 
ing. The new white color and increased transparency provide excel- 
lent drawing contrast and produce strong blueprints. 

Try PHOENIX for yourself on your own drawing board. See your 
K&E dealer or write for a generous working sample and 

an illustrated brochure. 


A&E 





2 EST. 1867 


\ KEUFFEL & ESSER CO. 


NEW YORK + HOBOKEN, N. J. 
* ST. LOUIS + 









REG. U.S. PAT. OFF. CHICAGO 


TRACING CLOTH 


for pencil and ink 








SAN FRANCISCO + LOS ANGELES - DETROIT - MONTREAL 


























Ask the first Kon-I-Noor pencil user you meet, 
and then ask a hundred more, and you will 
get the same unfailing answer, “Kon-I-Noor 
can be relied upon to give you definite pro- 
tection from all lead pencil troubles.” 


Throughout the fifty-odd years the 
Kou-I-Noor pencil has been on the market, 
we have, through constant research, pains- 
taking effort and strict adherence to material 
specifications, supplied critical users with a 
drawing instrument of superlative quality. 


Rely upon Kou-I-Noor. 


#1700 TECHNICRAYON PENCILS with small 
diameter lead, slightly soluble in water, are 
manufactured in 30 colors. 


CATALOG No. 5 SENT UPON REQUEST 


KOH -f-NOOKE 


PENCIL COMPANY INCe 
373 FOURTH AVENUE*+NEW YORK 























circuit may be used to sound an alarm or operate 
a relay to perform any desired function. At the 
predetermined number, counting ceases until a re. 
set lever is depressed, making the instrument ready 
for another count cycle. For use in counting ob- 
jects delivered from a machine, the electrically- 
actuated counter may be located near to, or at a 
distance from, the things being counted. The 
counters are actuated by any switch, relay or photo- 
electric unit with a closed period of .035-second 
or more and an open period of .040-second or more. 


Low Visibility Paint 


OSSESSING exceptional heat deflecting quali- 

ties, a new type of low visibility paint is being 
offered by The Arco Co., 7301 Bessemer, Cleveland, 
for use in protective concealment of vital defense 
equipment. The paint is being offered in green, tan, 
black and four intermediate shades which, when 
properly selected, will meet the requirements of 
good camouflage in any sort of terrain. All seven 
shades are hard to see from the air and throw off 
most of the heat of the sun’s rays. 


Engineering Dept. Equipment 


Portable Tracing Board 


S a compact, space-saving tracing unit, Ham- 

ilton Mfg. Co., Two Rivers, Wis., has brought 
out its new portable tracing board No. 188 which 
can be used in any 
drafting room, on 
any drafting table. 
No extra space is 
needed for _ the 
portable tracing 
unit, and_ the 
draftsman can 
have several 
boards in use at 
the same _ time. 
Daylight _fluores- 
cent lamps furnish 
even, glareless 
light on the 24 x 
36 inches plate glass tracing surface. Adjustable 
stop rods hold board in place when used on an 
inclined surface. Black, split-leather handle is 
bolted to top edge of board. Overall dimensions 
are 36 x 31 x 3% inches. Board is made for 110 
volt alternating current only. 








Continuous Copying Machine 


OR making contact prints on subdued-light type 
photographic materials, the Paragon Revolute 
Corp., 77 South avenue, Rochester, N. Y., has de- 
signed a new continuous type copier known as Mod- 
el 8F. It will make reproductions rapidly from any 
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BANTAM 
BEARINGS 











GIGANTIC SHIPBUILDING PROGRAM is a vital part of America’s production for victory—-and 
cranes in the nation’s shipyards are called on to carry tremendous loads. This 350-ton gantry 
erane built by Shepard Niles Crane & Hoist Corporation—the largest of its type ever con- 
structed—is used for handling battleship turrets. Bantam Roller Bearings under the collars 
of the load hook contribute to dependable operation of this giant crane. Bearings shown in 


inset are provided with Bantam’s “Lubricage’”—a special one-piece cage construction that 
facilitates correct lubrication. 





METAL FORMING PLANTS find many uses for 
this 45-ton press brake, built by Verson All- 
steel Press Company for such applications as 
straightening armor plate, forming aircraft 
parts, and producing munitions boxes and 
other equipment. High-speed flywheel shafts 
of these machines rotate on Bantam Quill 
Bearings. 
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IN MODERN STEAM ENGINE DESIGN, efficiency 
and economy are prime considerations. In 
this Filer & Stowell 400 KW steam-electric 
generating unit, Bantam Quill Bearings on 
the governor arm contribute to efficient, eco- 
nomical operation, because of their low co- 
efficient of friction and ability to run for 
long periods of time with little need of ser- 
vice attention. Location of Quill Bearings is 
shown in cross-section view. 





EVERY MAJOR TYPE of anti-friction bearing is 
included in Bantam’s line—straight roller, 
tapered roller, needle, and ball. Bantam 
serves every industry with a wide range of 
standard bearings that meet many normal 
requirements. Bantam engineers offer un- 
biased advice on selection of standard 
bearings—and design custom-built bear- 
ings in large sizes or special types for un- 
usual conditions. If you have an excep- 
tionally difficult bearing problem, TURN TO 
BANTAM. 





READILY AVAILABLE FOR DEFENSE NEEDS, the 
Bantam Quill Bearing is constantly finding 
new industrial applications. Cut-away view 
shows the simple, rugged construction of this 
compact anti-friction bearing, widely used 
because of its low cost, high load capacity, 
small size, and ease of installation and lubri- 
cation. For full details on this unusual bear- 
ing, write for Bulletin B-104. 











ANTAM..DEARINGS 


STRAIGHT ROLLER + TAG [REP ROLLER + NEEDLE - BALL 


BANTAM BEARINGS CORPORATION ¢ SOUTH BEND «¢ INDIANA 


4 
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Engineered lo your Requirements 
The Roper line of Hydraulically Balanced Pumps 
offers 7548 installation possibilities giving users what 


practically amounts to custom-built performance at 
standard model prices. 


EIGHT SERIES OF PUMPS 









Capacities ranging from 
one to 1000 gallons per 
minute .. . pressures up 
to 1000 pounds per 
square inch . . . speeds 
up to 1800 revolutions 
per minute . . . 21 drives and mounting . . . eight pip- 
ing arrangements. From this wide variety of combi- 
nations nearly every conceivable installation require- 
ment can be solved very quickly and economically. 


HANDLE ANY 
LIQUID 

Any liquid free from abra- 
sives can be pumped with 
Roper Rotary Pumps. It 
makes no difference how 
thick or how thin the liquid 
is, a Roper will handle your 
needs economically and efficiently. Whether used ie 
general transfer or hydraulic mechanism Roper 
Pumps deliver a smooth even flow. 


GET THIS VALUABLE BOOK 
OF PUMPING DATA 


It contains complete information 
on the Roper line and valuable 
dimension and capacity tables. 


ASK FOR CATALOG No. 932 


ROPER CORP., ROCKFORD, ILL. 
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type of original up to 44 inches in width by any 
length. Reproduced tracings may be made from 
blueprints, black and white or colored originals, 
Capable of copying originals which are either on 
transparent or opaque materials, printed on either 
one or two sides, this machine fills today’s demand 
for a continuous type copier to make reproduced 
tracings and other copies. For instance, where 
head engineering offices make duplicate tracings 
for their branches and where subcontractors re- 
ceiving one complete set of blueprints make many 
others the machine finds wide application. The 
principle is that of revolving contact, preventing 
slippage and blurred prints. An 8-inch diameter 
Pyrex glass cylinder is provided and original and 
sensitized material revolves with this cylinder, 
Three fluorescent lamps, two white and one gold, 
are located on the inside of this cylinder, the white 
being used for making reproductions from black 





and white originals and the gold for reproductions 
from blueprints. Transparencies printed on one 
side are reproduced by transmitting light through 
them to sensitized material. Opaque originals, 
printed on two sides, are copied by reflecting or 
“bouncing” light back to the sensitized material. 
No special dark room, focusing or lenses are neces- 
Sary. 


Pencil with Plastic Ferrule 


LASTIC ferrules on lead pencils manufactured 

by Reliance Pencil Corp., Mt. Vernon, N. Y., 
have been substituted for brass ferrules on its 
“Quality” group, while such materials as paper- 
fiber, steel and wood are receiving consideration 
for the inexpensive line of pencils. The smooth 
appearance of the plastic-tip pencils is an improve- 
ment on the old style ridged, brass ferrule—proving 
the adage “Substitution offers the opportunity to 
improve.”’ The material used is a cellulose-acetate 
formula, supplied by various plastic material pro- 
ducers. 
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SAVE STEEL WITH NITRALLOY 


With every reason for conserving steel, 
designers are turning more and more to 
alloys that increase the life of vital 
machine parts without increase of weight. 
As strikingly demonstrated in the aircraft 
industry, NITRALLOY possesses remark- 
able resistance to fatigue and wear. 
NITRIDED NITRALLOY produces the 


hardest steel surface known and permits 


NITRIDING 


is the process of case hardening cer- 


tain alloy steels by means of a nitro- 
genous medium, such as ammonia 
gas. The alloy steels that are most 
suitable for Nitriding are known as 


NITRALLOY 





listed below. 


230 PARK AVENUE 


For complete technical data, 
write for these two booklets to 
us or to any of the licensees 


dependable control of core properties. 

By saving steel, NITRALLOY also con. 
serves the Nation’s resources of power, 
transportation. facilities, plant capacity 
and personnel. By building longer life 
into parts of war material and into the 
machinery for producing it, NITRALLOY 
furthers the war effort by lightening the 


inevitable replacement load. 








NEW YORK, N.Y. 


Companies Licensed by The Nitralloy Corp. Operating and Accredited Nitriding Agents QUEEN CITY STEEL TREATING CO...... CINCINNATI, O. 
WESLEY STEEL TREATING CO........ MILWAUKEE, WIS. 
ALLEGHENY LUDLUM STEEL CORP....WATERVLIET, N. Y. CAMDEN FORGE CO......ceceececcees CAMDEN, N. J. ONTARIO RESEARCH FOUNDATION 


BETHLEHEM STEEL CO.....++0seeeeeees BETHLEHEM, PA. COMMERCIAL STEEL TREATING CORP....DETROIT, MICH. TORONTO, ONTARIO, CANADA 
COPPERWELD STEEL CO..........eeeeee- WARREN, O. THE LAKESIDE STEEL IMPROVEMENT CO...CLEVELAND, O. 

CRUCIBLE STEEL CO. OF AMERICA....NEW YORK, N.Y. LINDBERG STEEL TREATING CO........-. CHICAGO, ILL. Manufacturers of Nitralloy Steel Castings 
FRTH-STERLING STEEL CO..........+. MeKEESPORT, PA. LOK-BELT CO...00.cccccscccccccces PHILADELPHIA, PA. LEBANON STEEL FOUNDRY..........--> LEBANON, PA. 
REPUBLIC STEEL CORPORATION........ CLEVELAND, ©. AET-AAB, INC........0ccccccccccses PHILADELPHIA, PA. EMPIRE STEEL CASTINGS CO..........-- READING, PA. 
THE TIMKEN ROLLER BEARING CO........ CANTON, ©. NEW ENGLAND METALLURGICAL CORP., BOSTON, MASS. THE MASSILLON STEEL CASTING CO....MASSILLON, O. 


VANADIUM-ALLOYS STEEL CO.........PITTSBURGH, PA. piTTSBURGH COMMERCIAL HEAT TREATING CO. 


ATLAS STEEL LIMITED.......-.0-06 WELLAND, ONTARIO 
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MILWAUKEE STEEL FOUNDRY CO.....MILWAUKEE, WIS. 
PITTSBURGH, PA. WARMAN STEEL CASTING CO.....LOS ANGELES, CAL. 
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TRACING CLOTH 


Speed .. . speed . . . and more speed is the 
watchword! Plans for ships, planes, tanks and 
guns must not be delayed by inferior tracing 
cloths or blueprints! Today, thanks to the fine 
quality of Arkwright Tracing Cloths, they 
need not be. 

Years of testing in Arkwright laboratories 
... years of insistence on highest quality 
materials and highest standards of manufac- 
ture have prepared Arkwright for the present 
emergency. Today, you can order Arkwright 
Tracing Cloths with the same confidence in 
quality . . . the same assurance of rapid de- 
livery that has given Arkwright its recognized 
position as the leading American producer 
of tracing cloth for over twenty years. 


Arkwright Finishing Co., Providence, R. I. 


TRACING CLOTHS 











‘“in consideration of 


R. CENTLY 


appointed head of 
the engineering de- 
partment at Cater- 
pillar Tractor Co., 
George FE. Burks 
has had considerable 
experience in the 
design of heavy ma- 
chinery. A _ native 
of Philipsburg, 
Mont., he obtained 
his engineering edu- 
cation at the Uni- 
versities of Montana 
and California. His 
first design experi- 
ence was his connection with Schmeiser Mfg. Co., 
manufacturers of land levelers and other tractor- 
drawn equipment. Mr. Burks joined the engineer- 
ing staff of Western Harvester Co., then a sub- 
sidiary of Caterpillar, in 1928 and a year later was 
transferred to the parent company’s engineering 
offices at San Leandro, Calif. In 1933 he was 
advanced from chief draftsman to supervision of 
the experimental and research engineering at the 
plant. Five years later he was moved to Peoria 
as assistant chief engineer in charge of engines. 


U PON recom- 


mendation of the 
Committee on Sci- 
ence and the Arts, 
of the Franklin In- 
stitute, Walter Lar- 
kin will receive a 
certificate of merit 





his admirable ma- 
chine designing in- 
volving the ingeni- 
ous application of 
known’ mechanical 
movements to the 
invention of circu- 
lar knitting ma- 
chines of special types.” Senior inventor of Fidelity 
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Your Choice 


Socket Screw for Every Purpose .. . 
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SPECIAL 
FILLISTER 
and other 

HOLLOW 
HEAD SCREWS 
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NO PATTERN EXPENSE 


Gesell welded 





















Special milling 
machine base — 
size 287 x 35” 
x 1047 overall. 
. Approximate 
weight, 4,300 
ibs. 








Here's another example of the advantages 

of Graver welded construction —a 
special milling machine base built to ex- 
acting specifications without the delay and 
expense of patterns. 


This is typical of the work which Graver 
is doing for progressive manufacturers all 
over the country. With the most modern 
equipment for flame cutting, forming, and 
arc-welding, Graver is able to produce 
weldments to meet the most rigid specifica- 
tions. Furthermore, this method of construc- 
tion permits the building of assemblies 
from two or more dissimilar metals such as 
mild steel, alloy steels, steel castings or 
forgings, welded together to form a single 
unit. And experience has shown that altera- 
tions to welded assemblies can be made 
quickly and at exceptionally low cost. 


Here at Graver you will find not only the 
complete facilities for this specialized work, 
but the personnel as well—expertly trained 
welders who are capable of producing any 
job — simple or complex — to meet your 
most exacting needs. 


Consult Graver today or, better yet, 
submit your specifications for quotations. 
There's no cost or obligation. 


Ask for our new bulletin 
on welded construction 











GRAVER TANK & MFG. CO. INC. 


EAST CHICAGO, IND ska 
ABLE ADDRESS GRATANK 


NEW YORK 
ATASA Pier was \ 
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Machine Co., Philadelphia, he is well known to 
the textile industry and more specifically to that 
of the seamless knitting field. Spending his entire 
lifetime in this field, he has a total of twenty. 
seven inventions all of which have been assigned 
to the company. Mr. Larkin completed his educa- 
tion at Westtown school, Chester County, Pa., in 
1896, and began learning the trade of pattern mak- 
ing. After completing his apprenticeship he be- 
came a draftsman and obtained a varied experience 
resulting in a broad mechanical and designing 
training among a number of old, well-established 
machinery building companies in Philadelphia. His 
first contact with knitting machine design was in 
1905 when he joined Scott & Williams Co. Since 
that time to 1920 he was responsible for develop- 
ment of a great many improvements in circular 
knitting machines. As a designer he served with 
three of the five largest and most aggressive cir- 
cular machinery builders. Mr. Larkin followed 
the footsteps of his father who was also an inventor. 


O NE of the nation’s foremost aircraft design- 
ers, Issac Machlin Laddon has been named vice 
president and general manager of Consolidated 
Aircraft Corp., with whose engineering and produc- 
tion progress he is credited considerably. Connected 
with aviation since 1917, Mr. Laddon began his 
work in the experimental department of Cadillac 
Motor, following graduation from McGill univer- 
sity. He was called to Washington by the engi- 
neering division of the Air Service the following 





year, and almost immediately was sent to McCook 
Field, Dayton, O., air service proving ground. In 
1918 he was appointed chief of design branch No. 
2, charged with bombardment airplane development, 
in which position he remained until 1927 when he 
joined Consolidated for the purpose of developing 
products other than training planes in which the 
company specialized previously. Until his present 
promotion he was vice president and works man- 
ager. Mr. Laddon is credited with the design of 
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PROBLEM: 1 rast mst 


ust be ina fo 
gor machin 


oil reservoir tank and 


in. without shear , 
of varying size with 


The slotted Corpr 
its firmly oF : 
als agains 


fficiently © 
in the metal surt 
chine-finishing- 


it i larities 
fill irreg¥ on 
thus avoids the need for 


HE hydraulic equipment manu- 
facturer confronted with the 
above problem needed a gasket ma- 
terial which would (1) seal perma- 
nently against oil, dust, and mois- 
ture; (2) be tough enough to support 
a weight on the tank top of 400 Ibs. 
per sq. in. without shearing; (3) be 
slightly compressible to take up irreg- 
ularities in the edge of the tank and 
tominimize extending; (4) be flexible 
enough to bend around corners of 
34" to 1” radius without fracturing. 
Moreover, there was a production 
problem involved. The manufac- 
turer wanted the sealing material 
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in continuous strip form so that it 
could be cut into lengths to accom- 
modate tanks of various sizes. 


SOLUTION 

A CORPRENE material (DC- 
118)—supplied in slotted ribbon 
form—satisfied all the require- 
ments. The slot positions the gasket 
and holds it in place during assem- 
bly. The cork in the compound 
provides the desired compressibil- 
ity. The manufacturer simply cuts 
a length to fit each tank. There is no 
waste. Furthermore, there is no 
need for him to maintain a large 

* Trade- Mark Reg. U. S. Pat. Off. 
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inventory of various-sized gaskets. 

“Corprene”’ is the trade-mark for 
more than two dozen cork-and- 
synthetic-rubber compounds hav- 
ing excellent sealing characteristics. 
Regardless of the type of equip- 
ment you make, you will very likely 
find the answer to your sealing 
problems by investigating the wide 
range of physical properties avail- 
able in Corprene sheets, cut pieces, 
molded shapes, and extruded rings. 
For complete information, write 
Armstrong Cork Company, 
Industrial Division, 942 
Arch Street, Lancaster, Pa. 








KEEPS ‘EM 
ROLLING 





CMP ACCURACY AND UNIFORMITY 
INSURES MORE PARTS PER TON—MAKES 
VITAL WARTIME STEEL GO FURTHER 


Automatic machines standing idle because of difficulties 
with steel make slowdowns in vital victory production. 
To keep ‘em rolling it takes the right steel for the job— 
precision steel like CMP cold rolled strip. 


Many wartime industries already know the important 
advantages that CMP offers — extras that are real 
helps to the “all out” effort in speeding production. It 
starts with the CMP ability to meet rigid specifications 
and follows through to the consistent duplication of ac- 
curacy and uniformity in coil after coil, For precision 
stamping and drawing, it aids by lessening “throw- 
outs,” assures maximum number of feet per pound to 
give more parts and top production from each needed 
ton of steel. And it keeps costs to a minimum. Worth 
knowing about, don’t you think, for present speed-up 
times and for future peacetime operations? 


PERHAPS CMP CAN HELP YOu! 

’ The experience and knowledge of the CMP personnel 

gained by years of analyzing and solving cold rolled 

* strip steel. problems might hold the answer to your 

needs. Ask a CMP representative for this assistance or 
write, wire or phone Youngstown 4-3184. 











the first all-metal plane constructed in this country 
and the first airplane brake installation which 
proved practical. He has also been granted numer. 
ous patents on airplane wheels, brake controls and 
complete airplane design. 


¢ 
PAUL H. MILLER, associated with Carboloy Co, 
Inc. engineering department for the past eight 
years, succeeds JAMES R. LONGWELL as chief engi- 
neer. Mr. Longwell has been made factory manager, 

¢ 
HARMON S. EBERHARD, well-known as an expert 
in army tank, tractor and gun-carrying devices, was 
recently named vice president of Caterpillar Trac- 
tor Co. He first entered the tractor field in the em- 
ploy of the company’s predecessor, and in 1925 was 
transferred to the engineering department. Three 
years later he became assistant general chief en- 
gineer and subsequently chief engineer in charge of 


research. 
¢ 


Dr. C. F. RASSWEILER, who last June joined 
Johns-Manville Corp., New York, as director of re- 
search, has been made vice president. He will con- 
tinue in charge of research and development ac- 
tivities. 

e 

F. P. MCKEGNEY has been promoted from assist- 

ant chief engineer to chief engineer of Air Reduc- 


tion Co., New York. 
- 


SAMUEL S. BRADLEY was recently re-elected chair- 
man of the board of the Manufacturers’ Aircraft 
association. FRANK H. RUSSEL of National Avia- 
tion Corp., will continue as president, while JOHN 
A. SANBORN was re-elected general manager. 

¢ 

F. F. SEAMAN, general manager of Robbins & 
Myers Inc., hoist and crane division, Springfield, 
O., has been re-elected chairman of the Electric 
Hoist Manufacturers’ association. A. S. WATSON 
was made vice chairman. Mr. Watson is vice presi- 
dent of Detroit Hoist & Machine Co. 

o 

ARTHUR B. SCHULTZ has become associated with 
All-American Aviation Inc., Wilmington, Del., as 
chief engineer of the experimental and develop- 
ment department. Until recently he was chief 
engineer of Kermath Mfg. Co., Detroit. 

e 

L. H. GRISELL was recently made chief engineer 
of Kermath Mfg. Co. Mr. Grisell was chief engineer 
with Scripps Motor Co. before his present appoint- 


ment. 
+7 


RAYMOND H. RICE, previously chief engineer of 
North American Aviation Corp., has been named 
vice president in charge of engineering. He first 











THE COLD METAL 
PRODUCTS CO. 
Subsidiary of 
The Cold Metal Process 


ompany 
YOUNGSTOWN, OHIO 





became associated with the aircraft industry as a 

junior engineer in the Army Aircraft branch at 

Wright Field, and has been with the North Ameri- 
can Aviation Corp. since 1935. 
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He may be able to show you how you can get along 


without taps on many metal and plastic assembly jobs. 


With the properly engineered use of PARKER- 
KALON Quality-Controlled Self-tapping Screws you 
can eliminate many tapping operations — you can 
save the cost of taps and the expense of maintaining 


tapping equipment. 





You'll speed up the production rate of your assem- 
bly line, too. You'll save the time of salvaging rejected 


a parts due to crossed and mistapped threads . . . elimi- 
nate the need for lock washers . . . do away with the 


fumbling that goes with bolts and nuts . . . cut out riv- 


4 
_Coptliothed eting in hard-to-get-at places . . . and you'll eliminate 
the need for tapping plates on thin sheets, and for 
SELF-TAPPING SCREWS 


inserts in plastics 


These savings are made possible with P-K Self-tap- 
ping Screws! Get together with a P-K Assembly Engi- 
neer without delay, and learn how to put these benefits 
to work in your plant. P-K Self-tapping Screws require 
no special tools or special skill to handle — no costly 
Give the Green Light * to Defense Assemblies changeover. For the help of an engineer, write 
Parker-Kalon Corp., 192-200 Varick Street, New York. 


a = \ 
io . 
4 \¥ S4 
SELF-TAPPING SCREWS FOR EVERY METAL AND PLASTIC ASSEMBLY... ANDO OTHER FASTENING DEVICES 
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FOR BETTER MACHINES AND APPLIANCES 


. ONE picture—a camera study in Powder Metallurgy! 





Better than ten thousand words.. 


COMPO 


Oil-Retaining Porous Bronze Bearings 
IMMEDIATE SHIPMENTS—hundreds of sizes in Stock 


Diversification of sizes and shapes--thousands of tools on hand 
Engineered Sales* Continuous Research Skilled Production 
Write for Bulletin, Stock List or Die List—No Obligation 


Bound Brook Oil-Less Bearing Co. 
(Established 1883) 

Main Office and Plant, Bound Brook, N. J. 

Detroit, Michigan, 1255 Book Building 

Los Angeles, Cal., 190! Santa Fe Avenue 


FOR BETTER MACHINES AND APPLIANCES 
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Conser Ue 


Meta ls! 





@ “Applying Theory of Elasticity in 
Practical Design” tells how to design 
stressed parts accurately—eliminates guess- 
work—covers theory and practical appli- 








cation for designers. 


Now ready in convenient bound form, 
this series of eleven articles by R. E. Orton 
will be found invaluable by designers of 


machinery. 


CHAPTER HEADINGS ARE: 
STRESS AND STRAIN COMPONENTS 
ELEMENTAL ANALYSIS 
RING DISTRIBUTION OF STRESS 
CYLINDRICAL FORCES, SHRINK FITS, ETC. 
CURVED BEAMS 
CONCENTRATED LOADS 
LOADS ON ROLLERS AND WEDGES 
LOADING ON BALLS AND ROLLERS 
CONTACT LOADING ; 
ROTATING DISKS 
THEORIES OF FAILURE 





Copies of this 72-page reprint are $1 each, 
postpaid. (orders for delivery in Ohio, 


3c additional to cover state sales tax) 


MACHINE DESIGN 


Book Department 
PENTON BUILDING CLEVELAND, OHIO 








MacHINE Design—April, 1942 


) 





HL 


in 
n 


S- 


ll 





Bee 








ale) stele) 


TOOL STEELS 


I Coppco water hardening (gray label) and oil hardening 


(black label) tool steels have been developed from the 


long experience of our metallurgical engineers and their 


familiarity with the users’ requirements. 


‘““COPPCO .75" 
WATER HARDENING QLERP LABEL 


Hardens to give greater toughness than 
Coppco Universal or Coppco 1.10. Used 
for: Shock tools Extra Large Shear 
Blades - Swages - Button Sets - Drift 
Pins Cold Chisels Large Hammer 
Dies - Rivet Busters - Sledges. 


‘“COPPCO 1.10" 
WATER HARDENING QUERP LABEL 


Gives maximum hardness. Holds a keen 
cutting edge. Resists wear. Used for: 
Milling Cutters Circular Cutters 
Woodworking Tools - Fine Shear Blades - 
Knives - Drills - Arbors - Reamers - Dies 
— Embossing, Jewelers, Cold Heading, 
Threading, etc. 


COPPERWELD STEE 


~ 
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““COPPCO UNIVERSAL” 


WATER HARDENING CUYRP LABEL 


Balanced hardness and toughness. Good 
cold cutting properties. Used for: Pneu- 
matic Tools Large Shear Blades 
Punches - Mandrels - Blacksmith Tools - 
Arbors - Vise Jaws - Dies—Cold Head- 
ing, Trimmer, Heavy Stamping, Drawing, 
Forming, etc. 


COPPCO 200°’ 
O1L HARDENING JETT iacer 


Non-deforming. Deep-hardening. Wear 
resistant. Used for: Broaches - Milling 
Cutters - Threading and Tapping Tools - 
Reamers - Precision Tools - Gauges - Dies 
—Blanking, Forming, Extrusion, Stamp- 
ing, Shearing, Trimming, etc. 
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© To improve Present Products 


Designers are turning increas- 
ingly to WIRE as the practical al- 
ternate for solid and sheet mate- 
rials—and finding it a vital factor 
in speeding up production andim- 
proving products. UNION STEEL 
will work with you on designs in- 
volving wire for shapes and parts 
of every kind (except springs).We 
have the facilities—a large stock 
of jigs, dies, fixtures, etc.—equip- 
ment for handling WIRE from 
3/64" to 7/16" and rods up to 3/4” 
—for handling sheet metal, flats, 
and light angles when desired— 
for electric, spot and gas welding 
—for plating, tinning, hot-dip gal- 
vanizing an pases. Write today 
for folder with full data. 


UNION STEEL PRODUCTS CO. 


433 Pine Street, ALBION, Mich. 





























Every man in our armed forces is a user of springs, whether he 
fires a gun, drives a truck, or works an office machine. Equipping 
our forces for combat is big business—the biggest of all! That’s 
why even B-G-R—with its two modern, automatically functioning 
spring plants—must produce springs with machine gun rapidity 
to keep step with other vital products needed for warfare. 


SPRINGS . WIRE FORMS . SMALL STAMPINGS 


BARNES-GIBSON-RAYMOND 


Division of Assoc. Spring Corp. DETROIT & ANN ARBOR, MICH. 
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Simplifies Hydraulic Brake System 


OMBINATION of a control valve and a pres- 

sure reducing or regulating valve has been 
achieved in one unit as disclosed in a patent as- 
signed to the Jeffrey Manufacturing Co. The 
mechanism has been developed for use on the brak- 
ing systems of such heavy vehicles as mine loco- 
motives, trucks, tractors, etc. 

Fluid, under a pressure considerably higher than 
that needed for the braking system, is introduced 
into the inlet port of the control valve from an 
auxiliary fluid accumulator. The position of the 
mechanism as illustrated corresponds to the fully 
released condition of the brakes. The high pres- 
sure fluid is therefore trapped between the two en- 
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larged sections of the control valve, rendering the 
system in perfect balance. In the event that fluid 
leaks past the lower end of the control valve into 
the chamber above the plug, it immediately drains 
to the reservoir. The same is true of leakage oc- 
curring above the control valve. 

When the brakes are to be applied, the sleeve 
which is a free fit in the housing, is moved down- 
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OUT OF METAL TAGS? 





KUM KLEEN TAGS SAVE METAL AND LABOR 


These amazing new stickers save vital metal and actually do 
a more efficient job. No drilling, no tapping—they stick per- 
manently to any smooth surface and never pop off even under 
intense heat. They are applied without moistening to any 
smooth surface including glass and plastics—yet are easily 
pulled off without leaving a trace. 

Already Kum-Kleen tags and stickers are at work in war 
industries taking the place of metal identification, instruction 
and patent number tags. They speed plane production as 
inspection, rejection and identification stickers. 


» Send now for catalog and samples, 
try them in your plant and office. 


Rum Recen 5) 


AVERY ADHESIVES, DEPTMD-4 451 E. 3RD ST., LOS ANGELES, CALIFORNIA 
2 SAG SA TR a ISL TDM 





GATHER 
YOUR 
RIGHTFUL 
PROFITS 


By Using the 
World's 
Champion 
LEIMAN 
BROS. 


VACUUM PUMPS 


blowers, gas boosters, ~ 
and air motors 


THEY TAKE UP THEIR 
OWN WEAR 





— 


gOUTeer 







LEIMAN BROS. INC. 


152-3 Christie St. 


Newark, N. J. . 3 | s es » | 


208 











ward. This is accomplished by means of rack 
teeth formed in the sleeve engaging a correspond- 
ing pinion operated by a convenient crank or lever. 
The rack and pinion mechanism are not shown, 
Since the pressure in the chamber containing the 
conical spring is that of the reservoir, or substan- 
tially atmospheric, no other packing than an ojj 
seal is required about the pinion shaft. As the 
sleeve is lowered to apply the brakes the conical] 
spring exerts a downward thrust on the control 
valve piston. The control valve piston moves down- 
ward correspondingly until a passageway is opened 
to the delivery port which supplies pressure fluid 
to the braking system. 

As fluid, under pressure, flows to the brake 
jacks, it flows also through the passageway across 
the bottom of the mechanism, thence through the 
vertical passage formed in the right side of the 
housing through the horizontal hole in the upper 
cap and down through the central drilling in the 
balancing piston. Constituting a_ substantially 
fluid-tight fit around the balancing piston is a bal- 
ancing cylinder closed at the lower end. Since the 
cross-sectional area of the balancing piston is equal 


Delivery Port 
Inlet Port 
/~Piston 







— Rod 


Valve acts both as 
pressure’ regulator 
and controller in 
hydraulic braking 
system 


—Sleeve 





| Ball Check 


Check Sprin 
— 9 








By Pass 





to that of the control valve, complete pressure bal- 
ance of the latter is attained. This is accomplished 
by means of the downward thrust on the conical 
spring imparted by the flange of the balancing cyl- 
inder and applied to the spring retaining cup which 
is an integral part of the control valve. 

If the sleeve is lowered so that its upper end is 
in any position above the shoulder formed in the 
valve housing, it is evident, because of the com- 
plete pressure balance of the system, that it will 
remain in that position without requiring any op- 
erator effort. A predetermined pressure corre- 
sponding to such a position will then be supplied 
through the delivery port to the braking system. 

If however, the sleeve is lowered so that its 
upper end drops below the shoulder in the housing, 
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Rubber Cover Your 


wil Equipment Against 
" Copestin and Contamination 


Vats, —_— or other equipment in the flow line If you have any equipment that requires such 
of chemical, food and allied manufacturing proc- protection, write us. We will gladly give you the 
esses can be protected against the ravages of benefit of our experience. Be sure to tell us the 
hot or cold acids, alkaline solutions or their elements against which the equipment must be 
fumes, with rubber. The wheels and tanks =. any acon so our laboratory can compound rub- 
trated demostrate two extremes of a variety of er to meet those conditions. 

equipment that we have covered with rubber as Below are some of the pieces we can cover with 
a protection against acids. rubber... 


Tanks, Pickling Vats, Textile Ain, Propellers, 
Pump Impellers and Linings, Shafts, Filter Press Frames 










AMERICAN WRINGER CO., Inc. 
Rubber Roll Specialists for 50 Years 


WOONSOCEET, R. I. 
FARNHAM, QUE. 





These tanks are 
covered and lined 


with rubber 
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QUICKLY ADAPTABLE 
MOTOR DRIVEN PUMPS 


Geared and Centrifugal 


—A wide range of sizes 
for various applications. 


BROWN & SHARPE MFG. CO. 
Providence, R. 1., U. $. A. 

















HERE'S ECONOMICAL 
MAINTENANCE FOR HEATING 
AND COOLING ALL TYPES OF 
ROLLS... 
DRUMS... 
“> DRYERS 


© 
Type 
7R-8CR 


With Syphon 
Adapter 


B e 
PROVIDES FLEXIBILITY TO 
RELIEVE WEAR ON THE 

REVOLVING SLEEVE 


a 
LOWER COST POWER CONSUMPTION 


WRITE FOR CATALOGUE 292 





Barco Manufacturing Co. 


1806 Winnemac Avenue, CHICAGO, ILL. 
In Canada: The Holden Co., Ltd. 
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the flange of the balancing cylinder will rest upon 
this shoulder rather than upon the sleeve. In this 
position the balancing effect of the mechanism is 
negated and the high delivery pressure exerts an 
unbalanced force against the bottom of the con- 
trol valve piston tending to raise it cutting off the 
flow. Thus a manual effort, on the part of the 
operator, is required to hold the valve in this posi- 
tion. If the operator releases the handle the sleeve 
will immediately return to the shoulder in the 
housing corresponding to the maximum normal op- 
erating pressure. 


Accumulator Has Safety Features 


The previously mentioned accumulator shown in 
the second illustration is of interest because of the 
automatic safety overload mechanism which it in- 
cludes. It is the function of this accumulator to 
supply high pressure fluid to the combination con- 
trol and reducing valve mentioned in the foregoing. 

The discharge line of a hydraulic pump is con- 
nected to the accumulator at both the inlet port 
and the pipe connection at the by-pass. A drain 
connection leading to the sump or reservoir is also 
provided. In the position shown, the fluid pres- 
sure within the accumulator is equal to zero. When 
the pump is started, hydraulic fluid flows through 
the inlet port and builds up pressure over the top 
of the piston. Under the influence of this pressure, 
the piston is moved downward compressing the 
two concentric helical’ springs. A check valve in- 
stalled in the inlet pipe and not shown in the illus- 
tration prevents fluid from backing up into the 
hydraulic pump. The spring-loaded piston serves 
to maintain a constant supply of hydraulic fluid 
under pressure to the control and reducing valve. 
As the pressure over the piston builds up to a pre- 
determined value (for example, 900 pounds per 
square inch) the automatic by-pass mechanism 
built into the accumulator goes into operation. At- 
tached to the under side of the piston, is a long 
rod which fits loosely in a guide sleeve integrally 
attached to the lower head of the accumulator. 
Supported by a light compression spring on the 
under side of this rod, is a small piston. As the 
accumulator piston is forced downward the axial 
extension on the lower side of the small piston 
comes into contact with the ball-check valve. Be- 
cause the light spring is insufficient to thrust the 
ball-check valve open against the pressure of hy- 
draulic fluid from the pump applied to the under- 
side of the ball, the by-pass is not effective until 
the light spring is compressed to the point where 
the upper axial extension is in contact with the rod. 


Combined Slip and Positive Clutch 


MBODYING the combined functions of a slip- 
clutch and positive, or dog-clutch, a mechan- 

ism discussed in a patent assigned to Felt & Tarrant 
Manufacturing Co. has been designed for use in the 
operating mechanism of calculating machines. The 
driving member of such a mechanism has a re 
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HELP US KEEP IT FULL! 


WE’RE now working close to capacity on Defense products— 
want to continue so ‘‘for the duration." Nevertheless, if you 
need springs and screw machine parts, sizes up to 114’, please 
contact us. We may be able to give you quick action— 
depending upon how your request fits into our schedules. 
It not, we'll tell you promptly, so no time may be lost. Peck 
Service is experienced service, dates back to World War |. 


PECK SPRINGS 


AND SCREW MACHINE PARTS 
The Peck Spring Co. 10 Wells St., Plainville, Conn. 





| FULLERGRIPT BRUSHES 
meet every machine need. 


Awe Made to Your Specifications 






FULLERGRIPT made-to-order Brushes are designed for use 
as moving or stationary parts in machines requiring brushing opera- 
tions, or for production work. Brush materials gripped in steel. 
Replacements with refills quickly made. 

Our Engineers will work with you to fit brushes to machines in 
blueprint stage, or to machines in production. Send prints and 
specifications for quotations. 


 Tittttiiio i iitiiy | 
i i 























CLER: BRESH Compbanyl 


Industrial Division, Dept. 8C 
3589 MAIN STREET - HARTFORD, CONN. 
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AN IMPORTANT DEVELOPMENT / // | 


Jilly brinkle Says — i 
Its a New Wrinkle Secret 





MAKES WRINKLE FINISH 
PERFORM FURTHER IMIRACLES 


Varnishes and enamels are essential war 
materials, but China Wood Oil—the in- 
gredient that has made quick drying possible 
—is also urgently needed elsewhere in the 


war effort. 


So, to conserve dwindling stocks of this vital 
oil, importation of which has ceased, New 
Wrinkle, Inc. developed WRINLIN 68 — 
a substitute hard drying, wrinkling material 
—which is formulated from domestic oils, 
and offered it to its manufacturing licensees 
for their use in the production of Wrinkle 


finishes. 


Thus, WRINLIN 68 serves two war-time 
purposes: (1) It releases thousands of gallons 
of China Wood Oil to other uses, and (2) it 
alleviates a threatened reduction in the 
allotment of China Wood Oil set aside for 


the production of Wrinkle finishes. 


New RINK LEC 


3iu W. FIRST ST. °+* DAYTON,OHIO 


U. S. Patents 1,689,892 - 1,732,661 - 1,831,323 - 1,864,763 - 1,878,316 - 1,883,408 

1,896,594 - 1,936,913 - 1,950,417 - 1,969,164 - 1,976,191, - 1,980,309 - 1,991,627 

1,991,528 - 2,037,331 - 2,069,262 - 2,077,112 - 2,124,703 - 2,154,954 - 2,236,397 

2,236,398 - 2,268,002 - 2,268,012 - 2,268,022 - Des. 88,001. Other Patents Pending. 
Canadian Patents 311,403 - 311,604 
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The precision-built in- 
ternal gears are typical 
of the compact design of 
Tuthill positive displace- 
ment rotary pumps. 
Specify these depend- 
able pumps for coolant, 
lubrication, hydraulic, 
oil burner and non-cor- 


Tuthill Stripped 


Pump Series (like 
CRSA, above) 
save space, labor 
and material by 
providing pump- 
ing elements and 
cover assembly 
for direct incor- 
poration into your 
machine. 


rosive liquid transfer 


service. 





Without use of check valves, Tuthill’s Automatic Re- 
versing Pumps deliver from the same port regardless 
of direction of shaft rotation—an exclusive Tuthill 
feature. Save space, equipment and labor. Available 
with internal relief feature. 


Write for Complete Catalog of these ane other Tuthill models 


TUTHILL PUMPS 





CHICAGO, ILLINOIS 
























PRIORITY-FREE 


PROTECTION 
oe 






(PATENTED) 


FOR IRON AND 


JETAL, the original black oxide finish for ferrous 
metals, gives from 50% to 70% more abrasion and wear 
resistance—as high as 230%, by changes in procedure. 


With proper protective oils or lacquers, it offers high 
salt spray resistance. 


JETAL can be substituted for nickel, zinc, cadmium 
and tin plating. As a base for lacquers, enamels and 
japan, it shows superior salt spray resistance, improved 
bonding and prevents spreading of corrosion under 
the film. 


JETAL assures 100% increase in production. Re- 

quires no skill, no elaborate equipment, no electrical 

current ... saves you 30% in price, and goes farther. 
Immediate delivery—any quantity. Send 
samples for JET ALizing without charge. 
Consultation service without obligation. 


ALROSE CHEMICAL COMPANY 
Providence, R. I. Tel. Williams 3000 
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ciprocating motion about its shaft, the complete 
arc of motion being less than a full circle. 

The entire mechanism is mounted on, and is 
concentric with, a single shaft. The driving mem. 
ber comprises a disk with an attached handle. 
Confined in a series of holes in the driving mem- 
ber disk are a number of balls. These balls en. 
gage in recesses in the clutch disk which is 
fastened integrally to the driven member. These 
recesses are elongated circumferentially and are 
deeper on one end than the other. As illustrated, 
the balls are engaged in the deepest part of the 
recess and the clutch is in full driving engagement, 

In order to maintain the balls in this engage- 
ment, a volute spring is employed. The engage. 
ment thrust of this spring is capable of being 
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Volute spring permits adjustment of clutch 
engaging pressure without wide load varia- 
tions in the drive 


varied by means of the two adjustment nuts on 
the threaded end of the shaft. 

As the driving member is rotated in a clockwise 
direction through a given angle, it is apparent that 
the engagement of the ball in the clutch disk will 
affect a similar rotation of the driven member. 
However, as the driven member comes up against 
a stop, the driving member may continue to rotate 
in which case the balls will roll to the right, out 
of their recesses, thereby compressing the spring. 

On the return stroke of the driving member, an 
arm on this member will engage a stud fastened 
to a corresponding arm on the driven member. 
Thus the two members will be rotated in unison 
in a counter clockwise direction when viewed from 
the right. This motion then continues until both 
are in the initial positions with the balls, under 
the influence of the spring, returned to the deep- 
est portion of the recesses in the clutch disk. 
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GEWE THREE WAYS ON HOLLOW MACHINED PARTS 





By using B&W Seamless Steel 
Mechanical Tubing in place of. 
solid stock: 


1. You buy and pay freight on less steel. 
9. You save drilling and boring operations. 


3. You minimize the chip disposal problem. 


B&W Seamless Steel Mechanical Tubing 
can be swaged, expanded bent, flared. 
flanged, upset, spun or tapered. It is avail- 
able from distributors’ stock or mill in all 
SAE Alloys both in Hot Finished and Cold 
Drawn quality. 


B&W Seamless Steel Mechanical Tubing 
is made of the best steels that can be pro- 
duced. B&W piercing process reveals the 
slightest flaw and subjects the steel to a 
forging action that refines grain structure. 
Finally, each tube is individually inspected 
before it leaves the mill. 


BABCOCK & WILCOX TUBES 


HOT FINISHED 


COLD 


DRAWN 


ALt OY STEELS CARBON 7 i oi 


THE BABCOCK & WILCOX TUBE COMPANY, BEAVER FALLS, PA. 


MACHINE Design—April, 1942 


TA-1177 























213 














ILLIAM 
“SUPERIOR” 


DROP-FORGINGS 


*Any Shape 


an Y Material 
( omyal. ete Facilities 


J. H. WILLIAMS & CO. 
“The Drop-Forging People” 
400 Vulcan St. 
BUFFALO, NEW YORK 
















POROUS 
, IRON BEARINGS 


A recent test on SELFLUBE 
Porous Iron Bearings showed 
only .0002” wear on the in- 
side diameter compared to 
.0007”" on other materials. 
The bearings tested were °4” 
1.D., 1’ O.D. and 34” long, 
run at a speed of 1025 RPM 
for 100 hours with a 100-Ib. 
load suspended from bush- 
ings. The shaft surfaces showed 
no measurable wear in either case. Maintenance of more uniform 
and cooler running temperature of the SELFLUBE Porous Iron 
Bearings was another important disclosure in this test. 


SELFLUBE Porous Iron Bearings are a new type bearing de- 

veloped by Keystone to conserve copper and tin for war effort. 
Let Keystone solve sad bearings 

problems. Write for literature. 








KEYSTONE CARBON CO., INC. 
1935 STATE ST. SAINT MARYS, PENNA. 
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Pump Design Affords 
Wide ScopeinApplication 


(Concluded from Page 58) 


ameter required to generate a certain head at a 
given speed. 

Efficiency and shaft horsepower requirement of 
a pump are further affected by internal leakage 
losses through the wearing rings, disk friction of 
the exterior of the impeller, and mechanical losses 
in bearings and packing boxes. Internal losses are 
kept down by close clearance and labyrinth rings. 
The minimum disk friction for a given operating 
condition will be obtained if the highest practicable 
speed is selected, since the disk friction for con- 
stant circumferential velocity U, increases ap- 
proximately with the square of the impeller 
diameter. 

For a pump having a flat head-capacity char- 
acteristic the horsepower required at no delivery 
is close to half the power required at full delivery. 
It increases gradually to the rated delivery and 
flattens out to a maximum value for further in- 
crease in capacity. For a steeper head-delivery 
characteristic, the power taken at no delivery is 
relatively higher, corresponding to the higher head 
developed at this point, and for extremely steep 
head-delivery curves, such as those for mixed-flow 
pumps, the power at shut-off is equal to or greater 
than the power at the rated capacity. 


Possible to Predict Operation 


When the characteristic curve of a pump at a 
certain speed n is given, it is possible to predict 
the operation at a different speed n, fairly ac- 
curately. Thus, if the speed is changed from n to 
n, the tip velocities U, and U, change in the same 
proportion, n/n,, and for a shockless inlet the ve- 
locity C,, Fig. 2, must likewise change in the same 
proportion. As C, is a measure of the capacity Q» 
for the rated point Q,—Qn,/n, or the capacity 
changes in direct proportion to the speed. All ve- 
locities in the outlet diagram change in the same 
proportion. As in Equation 2, H=-U,Cu,/g and 
as both U, and Cu, change in direct proportion to 
the speed, the corrected head is H,—(n,/n)*, or 
the head for the rated point changes as the square 
of the speed. The same correction may be applied 
for any point on the characteristic curve, as well 
as at the rated point. 

At each corresponding point the pump will have 
approximately the same efficiency at the corrected 
speed as at the original speed, within reasonable 
limits. As the capacity changes directly with the 
speed, and the head with the square of the speed, 
and as the efficiency remains the same, the power 
for each corresponding point changes approxi- 
mately as the cube of the speed. 
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Cost Less Because They Last Longer 


Desired mechanical properties may be specified in 


Any industry—your industry—may learn a valuable 
lesson from the manufacturers of Cast Steel Gears. 
Their first cost is lower, for they may be designed 
for greatest strength exactly where needed, without 
excess weight. They require less machining, and where 
teeth are cast, there is little or no waste stock. Differ- 
ential hardening of parts is practical and inexpensive. 
And Cast Steel Gears wear longer. They start with 
uniform, homogeneous blanks, free from flow lines con- 
centric with rim, which might cause tooth breakage. 


advance. 

These same qualities, plus many others, may lead 
the way to improvements in your product. Investigate 
the ability of Steel Castings to save money—they pro- 
vide extra strength without extra weight, cut down the 
number of parts, simplify assembly, cut machining costs, 
and provide exactly the mechanical properties you want. 

Ask your own foundryman, or write Steel Founders’ 
Society, 920 Midland Bldg., Cleveland, Ohio. 


IMPROVE YOUR PRODUCT WITH 














WANTED: BiG Joss Surging in Springs 
FOR LITT LE LAMPS eee (Continued from Page 51) 








COST ONLY A FEW CENTS A MONTH TO OPERATE! neglects the transient condition which is of no 

concern here. The assumption represented by 

Equation 27 is justified, since for a forced vibra- 

TYPICAL G-E NEON GLOW LAMPS tion of circular frequency w, all parts of the spring 
must vibrate at this frequency. 

Boundary conditions are: For x—0, Fig. 5, y= 

ee | 0 regardless of time t, since one end of the spring 

1% watts | is assumed fixed in space. For x=1, y=c,8ino,t 


since the other end of the spring is assumed to 
have a harmonic motion of amplitude c, produced 
by the harmonic of Equation 2 which is in reson- 
ance with the natural frequency. 

A solution of Equation 9 which satisfies these 





S-14 








ee T-2 | boundary conditions has been obtained by Huss- 
1/25th and T-4% y . 
oth an wa ° 

sas ene Y% wate | mann‘. For small values of damping such as occur 

G-E NEON GLOW LAMPS are ideal as pilots and indicators because | in practical springs the solution reduces to the rel- 

they cost little to operate ... only a few cents a month for even the : ° 

3-watt size ... and have a normal life of 3000 hours. Not affected by atively simple form 

shock or vibration, and will operate at standard voltages on A. C. 

or 

ORDER A SUPPLY TODAY from your electrical wholesaler. Write Werf n c 

the address below for a handy folder on G-E Neon Glow Lamps. Ymar= sin (2rfnt+on) (28) 


GENER AL ‘46 ELECTRIC any coil in the spring, bn is a given phase angle 


and A is the order of vibration. From this solu- 
410 Eighth Street, Hoboken, N. #. tion, for small damping, the maximum variable 


stress is 





2 
reste | (29) 


WASTE AY In this the stress 7,; is the static stress induced 

ital by compressing the spring by an amount c,. This 
equation indicates that the variable stress r,, Fig. 
7, is inversely proportional to the damping factor 
b and directly proportional to the frequency f, 
and stress r,;.. The latter, in turn, is proportional 
to the amplitude c, of the particular harmonic in 
resonance. 

Tests have shown that the damping factor b in 
actual springs may be low enough that a magnifi- 
cation of 100 to 300 times occurs, i.e., +, may be 
100 to 300 times -,;. It has also been found‘ that 
the damping factor b varies with the amount of 
initial compression of the spring and that it in- 


Conserve to Serve 





* NATIONAL DEFENSE * creases with the amplitude c, of the harmonic in z 

| resonance. This is reasonable because, at low am- Z 

TOOL uM olachate(s Malclali-lacell Mul-iceltMelilo Mell (ora Tie la-telt-ta plitudes, the internal damping of the spring ma- f 

tensile strength and fatigue resistance, and protects surfaces | terial will be lower due to hysteresis. Also for 4 
Glekid ck Nahvgoteh, eclords torcish, and inpaeam extremeiy high initial compressions, higher values 
and extrudability of b are found due to damping caused by impact 
INDIUM is a domestic mined, commercial metal with many between turns. At medium initial compressions, 
uses for industry. Ample supply and prompt deliveries prevent values of the damping factor are lower while at 
production delays very low compressions these values again rise be- 
ee ee maerous. Write now ane meee no cause of damping from the clashing and lifting of 


INDIUM CAN SOLVE YOUR SPECIFIC PROBLEM 
the end turns from the supports. 


| Values of b varying from about 1 sec at lower 

| amplitudes of vibration to 10 sec at the higher 

THE INDIUM CORPORATION OF AMERICA | amplitudes have been obtained in tests‘, most values 
aopophs ond pone e! aptigeiegy ‘@) Bie pense or nd a ene i being between = and 4. 

sta goa onieae nae As an example of the use of Equation 29 it may 
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Bunting Bronze Elec- 
tric Motor Bearings 
completely finished, 
ready in every detail 
for immediate installa- 
tion. 





: » 
a ae 
»’ 







y 


@ Uninterrupted operation of machinery 
producing war equipment is assured by 
Bunting Bearing Bronze Bars and Bunting 
Bronze Standardized Bearings instantly 
available from local wholesalers and 
Bunting warehouses. 

Bunting Bars are machined I.D., O.D. 
and ends, saving labor, avoiding waste. 
Bunting Bronze Sand Cast Standardized 
Bearings are completely finished—ready 
for assembly in machine tools, industrial 
machinery of all kinds and electric motors. 
Ask your wholesaler. Write for Catalog. The 
Bunting Brass & Bronze Company, Toledo, 
Ohio. Warehouses in All Principal Cities. 





Bunting Bronze Stand- 
ardized Bearings meet 
all standard applica- 
tions and are easily 
adapted to many un- 


usual needs. 








TE 


STANDARDIZED BEARINGS 
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The Symbol of PRECISION 
DRILL JIG BUSHINGS 






















Other Hardened and Ground Parts! 


* If you need drill jig bushings to 
fulfill your government contract 
work, you'll find that Acme carries 
not only A.S.A. (American Standards 
Ass’n.) bushings, but a complete 
second line as well, the Acme 
Up to 5% pe This can save much time 

y enabling you to obtain bushings 
Gennes Lepped = from stock that might otherwise “5 
quire special manufacture. 


Drill Jig Bushings 


Dowel Pins 


Liner Pins and 
Bushings 


End Cutting Reamers 


Flat Lapping for 


(Glass and Steel) items, your blueprint in our hands 


will bring specific recommendations. 
For standard items, write for Acme 
catalog today. No obligation. 


Monochromatic 
Light Source 


Acme Advice Is Yours for the Asking 


ACME INDUSTRIAL CO. 


Makers of Standardized Jig and Fixture Bushings 
211 N. Laflin St. MONroe 4122 Chicago, Ill. 








“ty, 


=~ RUTHMAN === 


Seals and Disc : 
Videos The list at left offers some idea of 
parts and services obtainable from 
* Optical Flats Acme’s precision facilities. On special 














COOLANT PUMPS 






Gusher Pumps respond in a split 
second. Can be throttled down to 
a trickle. No priming. No packing. 
Other exclusive, patented features. 
You get uninterrupted, dependable 
service. 










There’s a Gusher Pump to Speed 
your production. Write for data 
and specifications. 












THE RUTHMAN MACHINERY CO. 


1811 READING ROAD, CINCINNATI, OHIO 


LARGEST EXCLUSIVE BUILDERS OF COOLANT PUMPS 





GUSHER ° 


P3 is available in ex- 
ternal right or left dis- 
charge models, flange- 
mounted and immersed 
models. 








be assumed, for example, that the lowest natural 
frequency f, of the spring is equal to 200 cycles 
per second and that the camshaft speed is 1200 
revolutions per minute or 20 revolutions per second. 
This means that resonance between the natural 
frequency of the spring and the 10th harmonic of 
the valve lift curve may occur. Assuming that 
tests on springs under similar conditions have 
shown a damping factor of b=—5 sec}, Equation 
29 becomes 


2rfn 2X 200r5: 
T= 
b 5 


Letting +, be the stress due to compression of 
the spring by an amount equal to the valve lift 
then, if the alternating stress due to the 10th har- 
monic of the valve lift curve is .002 ;, (as found 
from harmonic analysis), the alternating stress due 
to resonance with this harmonic will be 251 
.0027,, or about .57,. This means that in this case 
the stress range will be increased to 2 times its 
value with no vibration. 

From Fig. 7 the total stress range in the spring is 


= 251 rs 





Ty = 


. (30) 


If +, is the stress due to initial compression of 
the spring with the valve in the closed position, the 
range in stress will be from a minimum value 
Tmin==T,—T to a maximum value tiyae=7,+7)+ 
7». By comparison with-endurance diagrams of 
the type given in a previous article'® the relative 
margin of safety of the spring against fatigue fail- 
ure may be estimated. 

A typical resonance curve similar to those ob- 
tained by actual tests on valve springs is shown 
in Fig. 8. In this curve the amplitude of oscilla- 
tion of the middle coil of a valve spring is plotted 
against camshaft speed. It is seen that this curve’ 
consists of various peaks spaced at intervals, each 
peak being due to a definite harmonic in the valve 
lift curve and indicated by the number shown. 
Thus the peak marked 10 is due to the 10th har- 
monic of the valve lift curve, ie., to a vibration 
frequency of 10x 20200 cycles per second for a 
camshaft speed of 1200 revolutions per minute. 
The amplitudes of these peaks vary since the am- 
plitudes, i.e., values of the c’s of Equation 2, of the 
various harmonics are different. 

In the design of springs subject to rapid recip- 
rocating motion the following expedients are often 
helpful: (1) Use of a high natural frequency, (2) 
change in pitch of coils near end of spring, (3) 
where possible, avoidance of resonance between a 
natural frequency of the spring and an exciting 
frequency, (4) change in shape of cam so as to 
reduce the magnitude of the harmonics of the valve 
lift (or spring-deflection) curve within certain 
speed ranges of practical importance. By using 
methods given, in conjunction with test results, es- 
timates of stress ranges in actual springs under 
vibration conditions can be made and in this way 
margin of safety against failure determined. 


10 “Spring Materials,” MACHINE DESIGN, Page 46, October, 
1940. See also “Permissible Stress in Small-Sized Helical 
Springs’—F. P. Zimmerli, Engineering Research Bulletin 
No. 26, University of Michigan. 
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Pegi LEATHER 
PACKINGS 


ALEXANDER BROTHERS 


Efficient operation of mod- 
ern machinery demands 
the use of packings ac- 
curately made to specifica- 
tion. Alexander Brothers 
maintain a separate de- 
partment equipped with 



















e the most efficient precision 
a equipment for the manu- 
; facture of leather pack- 
; ings. Rigid inspection plus 
: close attention to detail 





guarantees a finished prod- 
uct satisfactory in every 
respect. 























Alexander leather packings are made 
in commercial sizes of four standard 
patterns: Cup, Flange, U, and Vee, 
and are available in Oak (vegetable), 
Flexotype (combination of Oak and 
Chrome), and Chrome (mineral) 
tannages. Special sizes and shapes 
are made to specifications in the de- 
sired tannage. We are prepared to 
furnish oil mill and press 
crimps, pump rod packings, 
and hydrant valve leathers. 
Send us your specifications. 
Write for illustrated 
packing catalog 
(A-49) showing list 
prices and pertinent 
information con- 
cerning leather pack- 
ings and their use. 
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WAR PRODUCTION JOB 
~ PLASTICS» 


PHONE US /(N 
OF 5 1TO7 NETO) 


A member of our en- 

gineering staff. fully 

qualified to help you with 

any government work involving 

molded plastics, will be sent to you 

immediately, anywhere in the United 

States. 7 

COMPRESSION, INJECTION, EXTRUSION 
AAOLDING OF 


ALL PLASTIC MATERIALS 





LARGEST <*< BEST EQUIPPED 
CUSTOM MOLDING PLANT 
«x t4e MIDDLE WEST 


CHICAGO MOLDED PRODUCTS CORP. 


1020 NORTH KOLMAR AVENUE CHICAGO, ILLINOIS 


JACh UP 


THE CEILING ON 
SPINDLE SPEEDS 


A fog of oil carried 
in cleaned air under 
a mild pressure moves 
thru the bearings... 
cools —cleanses —and 
lubricates. 
Stops entry of coolants 
and abrasive matter; 
NORGREN avoids carbonization and 
ag destructive gums; permits 
pre-loading with less-heat; 
METHOD makes higher speeds prac- 
LUBRICATION tical. Applied without 


basic change in spindle. 


ae «=C.A.NORGREN CO. 


ae 214 Santa Fe Drive 
used in in indus y | Denver, Colorado 


_ 








Business and 
Sales Briefs 


AVING had experience in various headquarter 

sales sections, Robinson S. Kersh, an industrial 
sales engineer, has been appointed manager of the 
Houston, Texas, sales office of Westinghouse Elec. 
tric & Mfg. Co., East Pittsburgh. Previous to his 
present appoinment Mr. Kersh served in the ma- 
chinery electrification and aviation section at East 
Pittsburgh. 

2 


From the Milwaukee office of Ampco Metals Inc., 
J. E. Heuser has been transferred to the Cincinnati 
office to assist J. E. Cook. 


¢ 


Associated with American Chain division of Amer- 
ican Chain & Cable Co. Inc., York, Pa., for several 
years, C. A. Puckett has been appointed sales man- 
ager of ithe weldless chain department. 


7] 


Anncuncement has been made of new addresses 
for district offices of Lincoln Electric Co., Cleve- 
land. These are: 19 North Ellison street, Oklahoma 
City, Okla., with R. L. Looney as manager; 733 
North Van Buren street, Milwaukee, with F. C. 
Archer as district manager; 1111 James building, 
Chattanooga, Tenn., with R. M. Daniels in charge; 
323-325 East Twenty-third street, Chicago, with G. E. 
Tenney continuing as manager; 521 South Fifteenth 
street, Omaha, Nebr., with Fuchs Machinery & 
Supply Co., as its representative; and 246 Wiltshire 
boulevard, Dayton, O., with R. P. Sharer as manager 
in charge. 


° 


Large scale expansion of the plant of American 
Agile Co., Cleveland, has been announced. Growing 
popularity of the company’s products plus a nation- 
wide response to the application of welding in the 
country’s armament program are the basic reasons 
for the expansion. The company will continue to 
add new items to its line of welding electrodes. 


° 


Another 15,000 square feet of floor space and 
additional modern screw equipment have been ac- 
quired by Manufacturers Screw Products, 212-222 
West Hubbard street, Chicago, manufacturer of 
screws, bolts, washers and rivets for ships, tanks, 
planes, gun mounts and man¥ other essential de- 
fense equipment. 


° 


John W. Clarke Co., 327 South LaSalle street, 
Chicago, has been appointed sales and engineering 
representative of Struthers Dunn Inc. for its line 
of relays and timing devices in the state of Wis- 
consin, the upper peninsula of Michigan, Northern 
Illinois, Chicago and neighboring counties of In- 
diana, and the eastern border counties of Iowa. 


° 


Acquisition of the Cunningham Controls Co. of 
Burbank, Calif., has been announced by the General 
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Radio's new W A BC amplifier, located on Columbia Island in L. |. 
Sound contains many cooperating parts of equipment. KOVEN is 
proud to have produced part of the equipment for this unique 
transmitter. Perhaps in assembling your product you find certain 
parts difficult to produce within your own plant. Let KOVEN manu- 
facture them for you! Many manufacturers accomplish Faster, More 
Economical Production by following this plan. Consulting KOVEN 
concerning any part you need obligates you in no way—write or 
‘phone for a KOVEN representative to call. 


L. O. KOVEN & BRO., INC. 
154 OGDEN AVENUE JERSEY CITY, N. J. 
PLANTS: JERSEY CITY, N. J., DOVER, N. J. 
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KOVEN BUILT ) 
THIS HEAVY COPPER 
RIVETED CONDENSATE 
TANK FOR A 
MANUFACTURER 
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WHAT IS THE 


Gih 


DIMENSION 
in Springs 
? 





















— those hard-to-dig-out 
factors which insure our 
giving you...not merely 


the spring you ordered 


... but the PERFORMANCE 
you WANT. 


LEE SPRING CO., INC. 


30 MAIN ST., BROOKLYN, N. Y 


Ask About SCIEN] Spring Service 
ECH 

























AMERIPOL* defies 


SYNTHETIC RUBBER HEAT and OIL! 


Shown above are samples of Miller 
Ameripol oil seals about to be given a heat 
test in a laboratory oven while immersed 

in Sperry or machine oils. 


Such tests, highly destructive to 
natural rubber and many other sealing 
materials, show Ameripol seals, gas- 
kets and rings are subject to a maxi- 


mum oil absorption of only 6 ‘0! 


This low oil absorption assures 
long life in severe service. High 
finish means superior resis- 
tance to abrasion. Accurate 
fit guards against leakage. 
Specify Miller Ameripol 
seals for hydraulic sys- 

tems! Write today for 
detailed information. 

























*Registered trade 
mark of The B. F. 
Goodrich Company 
















MILLER RUBBER COMPANY, Inc., Akron, Ohio 


(A Division of The B. F. Goodrich Company) 






Engineers in Rubber. 











Controls Co., Glendale, Calif. The Cunningham 
company has been actively engaged for several years 
in manufacturing temperature controls for transport 
planes, and also has specialized in all forms of 
temperature control systems, with particular em.- 
phasis toward airplane cabin heat controls. The 
General Controls Co. has been supplying aircraft 
equipmeént, particularly lightweight magnetic valves, 
and the addition of the temperature control com- 
pletes its line of aircraft equipment. L. L. Cun- 
ningham, for the previous seventeen years a tem- 
perature control engineer with various leading manu- 
facturers, joined the General Controls organization 
in an engineering capacity and will concentrate on 
temperature control engineering and design. 


° 


Aircraft control devices are now being built by 
General Electric Co. These include solenoids, re- 
lays, contactors, and pressure and limit switches, 
some of which are also applicable to tank and other 


installations. 
Sd 


Demand for Copperweld Steel Co. stainless, Nitral- 
loy and other special steels has made it necessary 
for the company to create a new department devoted 
to the sales of tool, stainless and special steels. Paul 
Keller has been placed in charge of these sales. He 
was formerly manager of the company’s Cleveland 


sales office. 
7 


Previously sales manager for the aeronautical in- 
dustry of Reynolds Metals Co., T. A. Lynch has 
been elected a vice president. The company is a 
fabricator of aluminum parts as well as manufac- 
turer of virgin aluminum. 


° 


Walter H. Blocher has been made assistant man- 
ager of sales, Republic Steel Corp.’s alloy steel 
division, Massillon, O. Following his graduation he 
joined Central Alloy Steel Corp., and was in the 
Indianapolis office of this company when it became 


a part of Republic. 
e 


Formerly mechanical engineer at the railway steel 
spring division of American Locomotive Co., Bennett 
Burgoon Jr. has been appointed new district repre- 
sentative in Western Illinois and Iowa by McKenna 
Metals Co., Latrobe, Pa. His offices will be at 917 
Talcott building, Rockford, Ill. 


° 


Well known as manufacturer of vertical pumps, 
Pomona Pump Co., Pomona, Calif., has purchased 
the Westco pump division of Micro-Westco Inc., 
Bettendorf, Ia. The newly-acquired business will 
be operated as the Westco division of Pomona Pump 
Co., 2621 Locust street, St. Louis. 


. 


Offices of Sterling Plastics Co., custom molders, 
have been moved into the company’s new plant at 
1140 Commerce avenue, at Vaux Hall road, Union, 
Mm... 


” 


Originally formed to uncover new uses for seam- 
less steel tubing, the Seamless Steel Tube institute, 
Gulf building, Pittsburgh, is now taking specific 
steps to disseminate technical data and useful prac- 
tical information on tubing, together with help 
members of the organization may be able to give 
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a - HIS LeBlond Rapic : unload the machine. In addition, this 

= Lathe i is ; dadaued for the teving opera- LeBlond Lathe is also equipped with a ‘ 
tion of shells. It is equipped with a “LOGAN” Reducing Valve, Lubricator 
“LOGAN” Model “R” Double Acting Ro- and Pressure Gauge Unit and “LOGAN” 
tating Type Air Cylinder to supply power Model “TL” Air Control Valves. This 
efficiently, economically to a “LOGAN” “LOGAN” Air Equipment provides rapid, 
6-Jaw Expanding Mandrel. A Model “F” positive action and rigid support of the 
Non-Rotating Type “LOGAN” Air Cylin- work. “LOGAN” Representatives and 
der (not shown in illustration) pulls the “LOGAN?” Enginee:s will be glad to make . 
cross-slide quickly out of the way to load recommendations on your problems. 














x LOGANSPORT MACHINE, INCORPORATED 
911 PAYSON ROAD LOGANSPORT, INDIANA 


Manufacturers of Air and Hydraulic Devices, Chucks, Cylinders, Valves, Presses and Accessories 
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NICKEL MOLYBDENUM 
te BEVELED RING GEAR 
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FACED WITH KENNAMETAL 
at 253 - 224 ft. per min. 


The SAE 4640 steel ring gear shown above 
was faced across the bevel at 253-224 ft. 
per min. with a Style No. 12 KENNA- 
METAL tool. Fifteen pieces were ma- 
chined per tool grind, whereas tools made 
of other materials dulled quickly at much 
slower speeds. 

Nickel-molybdenum steel is but one: of 
the many types of alloy steels that are now 
being machined with KENNAMETAL at 
high speeds and with long tool life. 
KENNAMETAL tools and blanks are now 
available at new low prices. Save time 
by ordering KENNAMETAL blanks and 
brazing your own tools. Write for free 
vest pocket instruction booklet. 


SALES REPRESENTATIVES FROM COAST TO COAST 





STEEL corns 
CARBIDE 











TWICE THE SERVICE wits 
HALF THE INSTRUMENTS 


Twice the life — half the cost 


Draw circles from Ye” to 10” with the large bow 
VEMCO Compass in this set .. prove for yourself that 
you don’t need a large three bow set... The new 
VEMCOwill actually give you twice the service with 
half the instruments...and note these features — 
Rugged construction ... light weight, permitting the 
describing of dense 10” circles in pencil without the 
instrument yielding ... capacity of a small bow pen 
and a draftsman’s large compass... the most prac- 
tical set available. 

VEMCO instruments are designed by practical en- 
gineers and draftsmen to meet the need for strong, 
efficient American-made equipment, moderately priced. 
See the VEMCO line before you buy. 


DRAWING 


y Pall (0+. ; INSTRUMENTS 


( FORMERLY VEECO) 
Vv. & E. ENGINEERING COMPANY 
756 S$. Fair Oaks Ave., Pasadena, California 
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users of tubing to the end that designers, engineers 
and fabricators who specify or use tubing may have 
the maximum help possible in saving time and pro- 
ducing more war materiel. In other words, the 
accent is now upon service to tube users rather 
than a search for new users. 


¢ 


Gray Iron Founders’ society has arranged to fur- 
nish expert technical advice on uses to which gray 
iron castings can be applied in maintaining rigid 
conservation of materials necessary to the war 
economy. A. J. Edgar, until recently in charge of 
the gray iron, steel and nonferrous foundries of 
General Railway Signal Co., has come to the society 
with a well-rounded knowledge of gray iron castings 
and their applications in industry. Mr. Edgar wil] 
serve on the staff of W. W. Rose, executive vice 
president of the society, at the society’s Washington 
office, 1719 K street, Northwest. 


They Say.... 


“We have failed to realize that the decency of 
democratic instincts is no weapon against the prac- 
tical barbarism of the dictators. . . . The day of 
bluffing, or of ‘talking’ a good war is past. We 
are down to the naked truth that planes, ships and 
tanks are about the only things that count... . If 
we will take this last sentence literally and make 
it our national objective we will win the war. If 
we continue to take liberties with it, we will go 
down in defeat.’’—E. L. Shaner. 


° 


“The war has made necessary the full industrial 
mobilization of America. It means drastic changes 
in our existing industrial economy. We must think 
only in terms of outproducing a powerful enemy; 
and anyone who underestimates the ability of the 
enemy to produce is kidding himself.’-—Donald M. 
Nelson. 

° 

“Some of the already heavy requirements placed 
upon us have just recently been more than doubled, 
and seven day a week operation on a twenty-four 
hour basis will be the rule whenever this will re- 
sult in greater output of the many weapons we are 
making for those fighting our battles in the front 
lines.”,-—Charles E. Wilson. 


° 


“Complexity of a part is just a confession of poor 
design.”-—Dr. A. V. deForest. 


Meetings and Expositions 


April 15— 

Packaging Machinery Manufacturers institute. Semian- 
nual meeting to be held at Hotel Astor, New York. H. L. 
Stratton, 342 Madison avenue, New York, is secretary. 


April 16-17— 


National Petroleum association. Semiannual meeting to 
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We manufacture bellows and bellows 
assemblies ready for installation in 
steam traps, relief valves, temperature 
regulators, pressure regulators, air valves, 
and other automatic temperature and 
pressure controls. Complete engineering 
service. 


Produced Hydraulically by 
and CLIFFORD MANUFACTURING CO. 
ee 





nake 564 E. FIRST STREET, BOSTON 
BOSTON CHICAGO DETROIT LOS ANGELES 
If PRODUCERS OF BELLOWS EXCLUSIVELY 
1 go SERVING AUTOMATIC CONTROL MANUFACTURERS 
rial Ch ec k 
1ges 
1ink 
wre THE ITEMIZED INDEX! 
the : ; ; 
M. All drive and control developments in this 


issue are listed on page 5. 


Every reference to materials as used in 


om machinery can be located through 
ae page 5. 
re- Individual design problems are classi- 
are fied for maximum utility, on page 5. 
ont 

. 


In every issue of MACHINE DESIGN 
all problems involving the application of 
parts, materials, mechanisms—in short, 
every detail covered by that issue is carefully 
itemized. 


00r 





iS Constant reference is made to the 
Itemized Index by alert engineers as a 
routine part of their design procedure. 


SEE PAGE 5! 
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TAYLOR 
FURGE 


Forged and Rolled 


STEEL RINGS 


ANY SIZE FROM 12" 0.D. TO 100" O.D. 


ERE at Taylor Forge your re- 
quirements for forged steel 
rings are handled with the skill and 
knowledge born of 40 years experi- 
ence in the forging and rolling of 
steels and alloys. As the world’s 
largest manufacturer of forged steel 
flanges, Taylor Forge has amassed 
the finest forging, rolling and ma- 
chining equipment — the most com- 
plete and modern laboratory testing 
equipment — exceptional facilities 
for special heat treating to insure 
desired characteristics. 


Inquiries are invited 


TAYLOR FORGE & PIPE WORKS 
General Offices & Works: Chicago, P. O. Box 485 
New York Office: 50 Church Street 
Philadelphia Office: Broad Street Station Bldg. 








P Other Taylor Forge Products include: 
“WeldELLS“and related seamless fittings for 
pipe welding; forged steel flanges; forged 
steel nozzles and welding necks for boiler 
and other pressure vessel outlets; light wall 
spiral pipe: heavy wall electric-weld and 
forge welded pipe; corrugated furnaces, and 
similar forged and rolled products. 


























WIRE.. coils for spring manufacturers; Flat wire, 


in coils or lengths; Tinned binding, for armature work; 
Binding wire (round), dead soft to any temper required; 
Straightened (round), in lengths. 


SHEETS in rolls; Slit sheet metal, tinned both 


sides—in various gauges and tempers covering a broad 


range of uses. 


j 


Established MAM { 


1874 


PHOSPHOR BRONZE SMELTING CO. 
2216 Washington Ave., Philadelphia, ai 






“Original Manufacturers of Phosphor Bronze in the U. S. A.” 


ELEPHANT BRAND PHOSPHOR BRONZE 


WIRE - SHEETS 


_———————— 


ELEPHANT BRAND 


RODS e ROPE 


INGOTS 
CASTINGS e BUSHINGS 


| 
| 
| 
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MINIATURE PRECISION 
BEARINGS contribute sensi 
tive reliability to many 
mechanisms 


Where the application of a 
tiny radial or pivot type ball 
bearing is being considered 
consult our Engineering De 
partment without obligation 


41 ON REQUEST 





vy 


MINIATURE (oven BEARINGS 


WE ENE, NEW HAMPSHIRE 


ACTUAL SIZE > U Ss A 








be held at Cleveland hotel, Cleveland. M. C. Mallon, 930 
Munsey building, Washington, is secretary. 
April 20-24— 

American Foundrymen’s association. Forty-sixth annual 
convention and exhibition to be held at Public Auditorium 


and Exhibition hall, Cleveland. R. E. Kennedy, 222 Adams 
street, Chicago, is secretary. 





April 20-24— 


American Chemical Society. Spring meeting to be held 
at Hotel Peabody, Memphis. C. L. Parsons, 1155 Sixteenth 
street, Washington, is secretary. 


April 22-24— 


Petroleum Industry Electrical association. Annual meet- 
ing and exhibition to be held at the Washington-Youree 
hotel, Shreveport. J. F. Collerain, P. O. Box 2412, Houston, 
is secretary. 


April 27-28— 


Association of Iron and Steel Engineers. Spring con- 
ference to be held at the Royal Connaught hotel, Hamil- 
ton, Ont., Canada. J. L. Miller, Empire building, Pitts- 
burgh, is secretary. 


April 27-May 1— 


American Mining Congress. Nineteenth annual coal con- 
vention and exposition to be held.in Cincinnati. J. D. Con- 
over, Munsey building, Washington, is secretary. 





May 4-6—- 


American Supply and Machinery Manufacturers’ asso- 
ciation. Convention to be held at Hotel Traymore, Atlantic 
City. R. Kennedy Hanson, 1108 Clark building, Pittsburgh, 
is general manager. 


May 10— 


National Electrical Manufacturers association. Annual 
meeting to be held at The Homestead, Hot Springs. R. J. 
Blais, 155 East 44th street, New York, is convention man- 
ager. 


May 11-13— 


American Institute of Chemical Engineers. Thirty-fourth 
semiannual meeting to be held at the Statler hotel, Boston. 
S. L. Tyler, 50 East 41st street, New York, is secretary. 


May 11-13— 


American Gear Manufacturers association. Twenty-sixth 
annual convention to be held at Hotel Hershey, Hershey. 
J. C. MecQuiston, 602 Shields building, Wilkinsburg, Pa., 
is secretary. 


June 8-11— 


American Society of Mechanical Engineers. Semiannual 
meeting to be held in Cleveland. C. E. Davies, 29 West 
39th street, New York, is secretary. 


June 17-19— 

American Society of Mechanical Engineers. Oil and Gas 
Power division meeting to be held in Peoria, C. E, Davies 
29 West 39th street, New York, is secretary. 


June 22-25— 


American Society of Agricultural Engineers. Annual 
meeting to be held at Schroeder hotel, Milwaukee, Ray- 
mond Olney, Box 229, St. Joseph, Mich., is secretary. 





June 22-26— 


American Institute of Electrical Engineers. Summer con 
vention to be held at the Drake hotel, Chicago. H. H. 
Henline, 33 West 39th street, New York, is national secre- 
tary. 


MACHINE DesigN—April, 1942 


con- 
mil- 
itts- 


con- 
Son- 


SSO- 
ntic 
rgh, 


ual 


jan- 


irth 
ton. 


xth 
ey. 
a 


ual 
est 


ras 
ies 


lal 
y- 


Te? 


942 














LESSON ASSIGNMENTS 
—a basic knowledge of plastics 


You can learn about plastics in your spare time NOW —tight at home. 44 Basic Lesson Assignments, 
written by the staff at PLASTICS INSTITUTE, bring you clear crisp definitions of the different types of 
plastics materials. Many actual samples of these plastics are included with the lessons for you to see— 
and test—right at home. 


The machinery and methods of the plastics industry are clearly pictured and carefully described in these 
Basic Lesson Assignments—and brief examinations enable us to tell you each week just how you are 


progressing with your education in plastics. 


This Plastics Course makes smart easy reading for spare evenings at home. Profitable reading, too, because 
it will give you the technical details of a fast-growing industry which needs better trained men. Will need 


more after the war! 


STUDY FORUM CLASSES NOW FORMING 


NEWARK (N. J.) 5 Commerce St. Phone: Mitchell 2-1377 @ CLEVELAND, 1414 Williamson Bldg. Phone: Cherry 0978 
DETROIT, 728 Boulevard Bldg. 7310 Woodward Ave. Phone: Trinity 2-1007 
CHICAGO, 515 S. Western Ave. Phone: Monroe 5351 


2 nights weekly—20 weeks—Basic Lesson Assignment issued— 
Forums conducted by recognized authorities under guidance 
and supervision of John Delmonte and Dr. John P. Trickey— 
The Institute will consider invitations from local plastics groups 
in any city to conduct these popular study forums. One may be 
planned for your city. 

Send for particulars and illustrated literature—a post card 








Francis A. Gudger willdo. WRITE TODAY! 
President 
John Delmonte Eastern Executive Offices: 1222 Chanin Bldg., New York City 














Technical Director 


John P. Trickey 
Assistant Technical Director 


ADVISORY BOARD 
E. F. Lougee 
Chairman 
Donald Dew 
Diemolding Corporation 
Dr. Gordon M. Kline 
Nat'l Bureau of Standards 
Spencer E. Palmer 
Tennessee Eastman Corp. 
Louis M. Rossi 





Bakelite Corp. 





Vales 


INDUSTRIES TECHNICAL INSTITUTE 





Member of the Society 
of Plastics Industry 


Plastics Institute is an inde- 
pendent institution and is not 
sponsored or supported by 
any plastics companies. 





31-23 Queens Bivd. 514 S. Western Ave. 180 S. Alvarado St. * * * * 
Long Island City, N. Y. Chicago, Iinois Los Angeles, Calif. 
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NEW MACHINES-— 
And the Companies Behind Them 


(For illustrations of other outstanding machinery, see 
Pages 120-121) 


Air Conditioning 


Air heating unit, Air Conditioning Div., Gar Wood Ipn.- 
dustries Inc., Detroit. 





Domestic 


Glass-encased alarm clock, William L. Gilbert Clock Corp,, 
Winstead, Conn. 

| Refrigerators, Westinghouse Electric & Mfg. Co., Mans- 
fleld, O. 

Enamel pressure cooker, Vischer Products Co., Chicago. 

Combination radio-television set, General Electric Co, 
Bridgeport, Conn. 






* FACTORY BRANCH 
.  $TOCKS AT 





Finishing 






Atlante Machine for spray-painting incendiary bombs, DeVilbiss 





. Baltimore yi 
D ESPITE 3 ' Boston a Co., Toledo, O. . 
,  Buttalo e Portable air-driven sander, Sterling Tool Products Co,, 
TODAY S ABNORMAL CONDI- FE chicago [ae Chicago. 
# Cincinnati ¥ | Automatic spray machine for coating and drying small 
TIONS, AHLBERG ENGINEER- § §— Cleveland We shells, Eclipse Air Brush Co., Newark, N. J. 
- 3 a Columbus : | Metal sheet coating machine, Chas. E. Francis Co., Rush- 
ING SERVICE is being §& bats ; | ville, Ind. 
. ° E Denver E: Portable electric sander, Detroit Surfacing Machine Co,, 
maintained as usual. § petro 9 Detroit. 
i - = Kansas City 4 Dipping-whirling machine, Ronci Machi Co., Provid 
Bearing specialists are Memphis q “om —_ sat — 
° e - Milwaukee Bc i ‘li j 
available in all twenty- 4 4 ge ergy - sprayer, Eclipse Air Brush Co. Ine,, 


ws 
, 
ip 
Be 
: 


New Orleans 


three branches to help & new Yor 


Oil and water extractor, Binks Mfg. Co., Chicago. 











F y : Omaha 
you with your immediate Philadelphia tend 
ttsburg! 
bearing problems. Providence Air-powered slow speed mixer, Eastern Engineering Co., 
St. Louis New Haven, Conn. 
Washington Improved hand-pack filler, Food Machinery Corp., Hoopes- 


ton, Ill. 
Milk bottle filler and capper, Pfaudler Co., Rochester, N. Y. 
Drying system, Industrial Associates Inc., New York. 
Power fiour mills, Arcade Mfg. Co., Freeport, IIl. 
Chlorine producing machines, The Valhalla Co., Chicago. 


In addition a definite 
part of Ahlberg Engineer- 
ing Service is the assist- 
ance to bearing users in 


i : Forging 
er eed for alteration Rotary forge furnace, Rhode Island Tool Co., Providence, 
of designs and the devel- R. I. 
Industrial 





opment of new products 
with a view to future con- 
ditions when new bear- 
ings are once again 
available for normal 
uses. 


Hydro-foam dust collector, R. C. Mahon Co., Detroit. 

Optical comparator, Portman Machine Tool Co., Mt. Ver- 
non, N Y. 

Automotive double ribbon type mixer, H. K. Porter Co., 
Pittsburgh. 













Materials Handling 


Lightweight fork truck, Clark Tructractor Div., Clark 
Equipment Co., Battle Creek, Mich. 

Electric tractor, Mercury Mfg. Co., Chicago. 

Lift truck, Crescent Truck Co., Lebanon, Pa. 


















Metalworking 


Six-inch horizontal boring machine, Simmons Machine Tool 
Corp., New York. 
*Vertical milling machine, Reed-Prentice Corp., Worcester, 


IT 1S AHLBERG’S DESIRE 


to make all its facilities 































° Mass. 
available for the needs High-speed milling machine, Pope Machinery Corp., Haver- 
ll f hill, Mass. 
of peace as we as tor *Thread and form milling machine, Gordon-R Co., Royal 





Oak, Mich. 

| Horizontal carbon and diamond borer, Giern & Anholtt 
Tool Cc., Detroit. 

*Production thread miller, The Lees-Bradner Co., Cleveland. 

*Semiautomatic miller, Snyder Tool & Engineering Co., 

} Detroit. 
*Surface grinder, The Thompson Grinder Co., Springfield, 

Ohio. 

| *Hypoid grinder, Gleason Works, Rochester, N. Y. 
*Hydraulic bending press, E. W. Bliss Co., Brooklyn, N. % 
Tap reconditioner, Detroit Tap & Tool Co., Detroit. 


(Concluded on Page 234) 


the immediate problems 
of war. 





















in | . N 
CJB BEARING COMPANY 
: 3017 WEST 47th STREET ¢ CHICAGO, ILL. 














AHLBERG 
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Clark 


Tool LEI MAN 


= | Sros’ SAND BLAST 


aver- Removesscale—Cleans metals, Displaces Acid, & 
iil scratch brush—Quicker—More Uniform 

Results in quicker machining of castings, 
nents quicker and more lasting plate, paint or enamel. 
land. Used on metals, plastics, glass, bakelite, hard 
Co, rubber and all materials. 
field, 

LEIMAN BROS. INC. 

.. Wi 152-2 Christie St. 





Newark, N. J. 
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| NATIONAL FORGE 
|& ORDNANCE Co. 


HERE’S A REAL LABOR | 


|\STEEL FORGINGS 

Gain Greatly by 
VERTICAL 
TREATING 








@ The expert manner in which a heavy 
duty steel forging is heat treated and 
quenched has much to do with how it will 
“take it’? on the tough job for which it is 
designed. Equipped to heat treat vertically 
up to 55 feet, National Forge has pioneered 
and proved that vertical treatment is the 
only way to assure freedom from uneven 
stresses or failure due to lack of uniformity 
in heating and quenching. The physical 
stamina of National Forgings after years 
of strenuous service attest the far-seeing 
correctness of vertical heat treating in the 
National manner. 





* 
; 
* 
* 


_IRVINE, WARREN COUNTY, PENNA. 





BASKETS 


jot ANNEALING 
DIPPING 
CONVEYING 


“Buffalo” Wire Baskets are extra sturdy, made 
for long, hard use on your job. Longer life 
makes their cost small. Available in standard 
or special alloy metals. 





Submit your basket problem and let us sug- 
gest a construction that will save you money. 


| A simple change in design can 
double the life of a basket. 
| You cannot save except with 
good design. 

Write for Catalog 10-N 


| MADE BY THE MANUFACTURERS OF 
INDUSTRY'S FINEST WIRE CLOTH 


I BUFFALO WIRE WORKS CO., Inc. 


1869 AS SCHEELER'S SONS 


BUFFALO, N. Y. 











ESTABLISHED 


430 TERRACE 
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Office 


Ten-key electric adding-multiplying machine, Barrett 
Adding Machine Div., Lanston Monotype Machine Co., 
Philadelphia. 


Optical 


Optical grinding machine, George Scherr Co. Inc., New 
York. 


Quarry 
Rock drill, Ingersoll-Rand Co., Phillipsburg, N. J. 


Restaurant 


Deep fat fryer, thermostat controlled, Sheridan Specialty 
Co., Chicago. 


Textile 


Finishing range, Reliance Dyeing & Finishing Co., Cov- 
ington, Ky. 








— 


“Model 400 - Motor Feet 
ounted 


‘ble = 
00 - Submerg? M. 
Model 5 ; odel 300 - Flange Mounted 


Double tricot machine, Alfred Hofmann Inc., West New 
York, N. J. 

Concentrated air cloth dryer, Bridges-Wilson Corp., Ar- 
lington, Mass. 


Welding a 


Two-wheeled, lightweight welder-trailer, Hobart Bros. Co., 
Troy, O. 

Heavy-duty transformer for automatic welding, Glenn 
Roberts Co., Oakland, Calif. 

Horizontal welder for shells, Federal Machine & Welder 
Co., Warren, O. 

*Automatic shell welder, Thompson Gibb Electric Welq- 
ing Co., Lynn, Mass, 


Woodworking 


Strippers, Strippit Corp., Buffalo, N. Y. 
Power squaring shears, Niagara Machine & Tool Works, 
Buffalo, N. Y. 


*Tllustrated in pictorial spread, Pages 120-121. 


LATHE PANS 


Keep your defense program going at top speed. Don't 
hold up your orders, send blueprints for prices.on lathe 
pans, gear guards, machine bases, etc. We can take 


care of rush orders. 


LITTLEFORD BROS., INC. 
424 E. Pearl St., Cincinnati, Ohio 


BOITLEWECK 


... fay RRADY - PENROD 


Keep production high with BRADY - PENROD 
Coolant and Circulatory Pumps - motor driven, ~ 
open impeller, centrifugal type. If you get poor © 
results from standard pumps, let us produce ™ 
the special type you need for volume business. — 
Our pumps have hydraulic efficiency as high 
as 70%. They are designed to eliminate wear on ~ 
the pump; reliable for use with abrasives. Equal ~ 
efficiency maintained, pumping water or light ~ 
oil. All five models available with separate rat- — 
ing established at 400 SSU; 750 SSU; 1250 SSU; © 
2000 SSU. 


%H.P. MOTOR REPLACES “H.P. - through 
superior pump design. All motors have 20%sur- 
plus power. 


CAPACITIES: 2"to 2” pipe; 4 to 100 gallons per 
minute. Special models for larger capacities. © 
Pressure up to 100 feet head. 


FREE Send for Bulletin N-B541. 


BRADY - PENROD, INC. 


1216 W. Second St. MUNCIE, INDIANA. 
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